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Preface 


One  of  the  most  highly  visible  areas  of  management 
concern  in  the  Air  Force  today  is  computer  software  acquisi¬ 
tion  costs.  Software  acquisition  throughout  the  Air  Force 
have  been  marked  by  cost  overruns,  late  deliveries,  poor 
reliability,  and  user  dissatisfaction  in  meeting  stated  re¬ 
quirements.  A  great  deal  of  study  and  analysis  of  computer 
resource  acquisition  and  management  has  been  accomplished 
in  the  recent  past.  Advances  in  project  planning  and  organi¬ 
zation  techniques,  design  methodologies,  coding  and  testing 
practices,  use  of  programming  support  tools,  documentation 
standards,  and  configuration  management  procedures  and  prac¬ 
tices  hold  promise  for  ultimately  reducing  Air  Force 
expenditures  on  computer  software. 

One  area  which  has  not  received  quite  as  much  emphasis 
as  software  acquisition  and  management  is  the  area  of  software 
cost  estimation.  The  Air  Force  requires  quantitative  informa¬ 
tion  about  the  effects  of  current  programming  practices  on 
software  development  costs.  At  the  present  time,  there  are  a 
number  of  estimating  techniques  that  are  alleged  to  result  in 
increased  software  cost  estimation  reliability.  A  continuing 
repository  and  data  collection  system  combined  with  a 
standardized  cost  estimation  methodology  and  procedure  would 
go  a  long  way  toward  resolving  the  difficulties  encountered 


in  obtaining  accurate  software  development  cost  and  schedule 
estimates.  The  Air  Force  could  thus  encourage  contractors 
and  in-house  development  agencies  to  employ  standardized 
recording  and  estimating  practices. 

This  research  was  initiated  in  an  effort  to  enable 
software  cost  analysts,  as  well  as  managers,  to  more  accurately 
predict  the  cost  of  software  development  projects.  I  would 
like  to  take  this  opportunity  to  thank  the  many  people  who 
contributed  to  this  effort.  Messrs.  F.  Frieman,  R.  Park,  and 
C.  Mauro  from  RCA  Price  Systems  deserve  special  thanks  for 
their  help  in  understanding  and  using  the  PRICE-S  model. 

Thanks  are  also  due  to  Captain  R.  Hickcox  -  ESD,  Captain  T. 
Landry  -  AU,  Lt.  R.  Christie  -  AFDSDC  and  Mr.  C.  Houlette  - 
AFLC  for  their  assistance  in  gathering  the  data  utilized  in 
this  research.  Many  thanks  must  go  to  Mr.  D.  Ferens  -  ASD, 
who  provided  data  and  arranged  for  the  computational  resources 
necessary  to  complete  this  research.  In  addition,  I  would  like 
to  thank  Dr.  C.  McNichols,  my  advisor,  and  Dr.  J.  Cain  for 
their  invaluable  assistance  in  preparing  this  report. 

To  my  wife,  Sharon,  and  daughters,  Laura  and  Nicole, 
thanks  are  not  enough. 
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Abstract 

The  enormous  technical  accomplishments  of  the  computer 
industry  have  led  to  the  building  of  computers  of  all  sizes 
and  complexities.  As  the  range  of  defense  computer  applica¬ 
tions  grows  and  the  complexity  of  the  tasks  these  systems 
are  called  upon  to  handle  increases,  the  costs  of  developing 
the  application  software  has  also  increased  such  that  it  has 
now  become  a  dominant  component  in  the  total  system  cost. 

Many  software  acquisitions  have  experienced  cost  and 
schedule  overruns  leading  to  unanticipated  cost  growth. 

These  experiences  have  highlighted  the  need  to  improve 
methods  of  software  cost  estimation.  Software  cost  estimation 
is  essential  to  budgeting,  allocation  of  resources,  and  control 
of  expenditures  throughout  the  life  cycle  of  a  system.  Accur¬ 
ate  predictions  of  software  costs  are  required  in  order  to 
make  practical  and  realistic  tradeoffs  between  system  capa¬ 
bilities  and  life  cycle  costs. 

The  purpose  of  this  research  is  to  provide  those  in¬ 
volved  in  the  software  cost  estimation  task  with  an  introduc¬ 
tion  to  Air  Force  computer  resource  acquisition  and  management 
in  general;  and  specifically  to  investigate  the  applicability 
of  the  RCA  PRICE-S  software  cost  estimation  model  to  Air  Force 
applications  system  development.  A  mass  of  computer  software 
acquisition  and  management  study,  policy,  and  guidance 
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literature  was  reviewed,  and  an  attempt  was  made  to  consoli¬ 
date  the  most  pertinent  information  into  a  description  of 
the  overall  processes.  Historical  cost  and  schedule  data 
were  collected  on  18  Air  Force  software  development  projects. 
This  data  which  included  systems  of  the  three  major  Air  Force 
applications  areas  of:  1)  embedded  avionics;  2)  embedded 
command  and  control;  and  3)  management  data  systems  was  used 
to  calibrate  and  validate  the  PRICE-S  cost  estimation  model. 

Based  on  the  data  available  in  this  preliminary 
analysis  effort,  it  appears  that  the  PRICE-S  model  is  compat¬ 
ible  with  current  Air  Force  software  acquisition  and  manage¬ 
ment  techniques.  A  system  such  as  the  PRICE-S  system,  combined 
with  an  adequate  data  collection  methodology,  might  be 
successfully  implemented  giving  the  Air  Force  the  capability 
to  accurately  predict  and  track  future  software  development 
costs  across  the  entire  spectrum  of  software  applications. 


AN  ANALYSIS  OF  THE  RCA  PRICE -S  COST 
ESTIMATION  MODEL  AS  IT  RELATES  TO  CURRENT 
AIR  FORCE  COMPUTER  SOFTWARE  ACQUISITION 
AND  MANAGEMENT 

I .  Introduction 

The  use  of  computer  technology  in  the  Air  Force  has 
evolved  along  three  parallel  paths:  scientific,  management, 
and  operational.  In  any  attempt  to  define  the  problems  facing 
the  Air  Force  in  the  computer  area,  the  pervasiveness  of  the 
technology  becomes  immediately  and  readily  apparent.  Practi¬ 
cally  every  area  of  Air  Force  operations  today  is  involved  with 
some  facet  of  computer  technology.  The  explosive  growth  in  the 
use  of  computer  technology  over  the  past  twenty  years  has  been 
segmented  and  largely  unplanned  in  an  overall  sense. 

Since  the  Air  Force  is  organized  along  functional  lines, 
it  might  be  expected  that  computer  systems  would  also  grow  along 
functional  (vertical)  lines.  They  did.  Today,  approximately 
33  percent  of  our  inventory  is  devoted  to  Management  Information 
Systems;  21  percent  to  Command,  Control,  and  Intelligence;  23 
percent  to  Scientific  and  Engineering;  13  percent  to  Logistics 
and  Maintenance;  and  10  percent  to  Avionics  applications  (Ref  2: 
30) .  Each  functional  area  developed  its  own  expertise  to  ex¬ 
ploit  the  technology  to  best  serve  its  functional  needs. 

Today's  computers,  when  effectively  coupled  with  communications. 


enable  systems  to  be  organized  vertically  (WWMCCS) ;  horizon¬ 
tally  (Base  Level  B-3500  multipurpose  system) ;  or  integral  to 
a  subsystem  which  is,  in  turn,  a  part  of  a  larger  system  (F-15 
Automatic  Test  Equipment) .  Some  systems  may  even  be  designed 
in  horizontal  and  vertical  combinations. 

Today,  focal  point  responsibility  for  computer  system 
development  efforts  reside  with  the  Comptroller  Function  for 
Management  Information  Systems,  a  majority  of  the  Logistics 
and  Maintenance  Systems,  and  some  Command  and  Control  Systems. 
The  Intelligence  community  is  responsible  for  some  of  the 
Command  and  Control  and  Intelligence  Systems,  while  the  Re¬ 
search  and  Development  Function  is  responsible  for  the  Scien¬ 
tific  and  Engineering,  Avionics,  and  a  number  of  the  Command 
and  Control  Systems.  The  lack  of  a  single  planning  approach 
has  been  unavoidable  because  of  the  differences  in  acquisition 
methodology  for  general  purpose  versus  special  purpose  computer 
resources . 

Computer  Utilization 

Within  the  Air  Force  computer  utilization  can  be  divided 
into  two  separate  administrative  and  functional  parts,  opera¬ 
tionally  deployable  systems  and  information  management  systems. 
Common  to  both  areas  of  application,  however,  are  the  computer 
installations  and  physical  facilities  necessary  to  create, 
develop,  test  and  evaluate,  and  subsequently  support  the  com¬ 
puter  software  regardless  of  the  nature  of  the  application. 

Operationally  deployable  or  embedded  computer  systems, 
as  they  have  come  to  be  known,  are  generally  special  purpose 
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machines  used  in  such  functions  as: 

1.  radar  and  navigation 

2.  weapons  delivery 

3.  training  and  simulation 

4.  command,  control  and  communications  (battlefield) 

5.  scientific  data  gathering 

6.  automatic  testing 

Information  management  systems  are  usually  general  purpose, 
commercially  available  computers  used  for  the  functions  of: 

1.  resource  and  inventory  management 

2.  command,  control  and  communications  (executive  level) 

3.  intelligence  data  gathering 

4.  general  information  services 

5.  modeling  and  simulation 

The  earliest  applications  of  computers  in  the  Air  Force 
were  for  scientific  purposes,  primarily  to  exploit  the  mathe¬ 
matical  capability  of  the  computer.  The  SAGE  system  was  the 
first  large-scale  operational  use  of  computers  integrated  with 
weapons,  sensors,  facilities,  and  communications  (Ref  4:3). 

The  success  of  the  SAGE  program  led  to  a  greater  demand  for 
more  sophisticated  computer-based  systems  throughout  the  Air 
Force.  Management  interest  at  that  time  centered  on  the  com¬ 
puters  and  their  applications  available  and  not  on  potential 
future  operational  requirements.  Initially,  Congress,  DOD,  and 
Air  Force  policy  and  organization  was  developed  around  the 
"commercial"  information  management  systems. 

Broad  usage  of  digital  computers  in  operational  systems 
(embedded,  special  purpose)  did  not  come  about  until  technolo¬ 
gies  were  developed  to  overcome  the  prohibitive  weights,  volume, 
cooling,  reliability,  and  maintainability  problems  associated 
with  the  earlier  computers.  The  time  lag  for  state-of-the-art 
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development  of  transistor  and  microelectronic  circuitry  which 
allowed  computers  to  be  employed  in  operational  systems  re¬ 
sulted  in  a  corresponding  delay  in  DOD  and  Air  Force  Management 
attention  to  the  development  of  policy,  planning,  and  support 
of  the  embedded  systems  in  a  manner  similar  to  that  developed 
in  the  Comptroller  Function  for  the  information  systems. 

Until  the  past  three  to  five  years,  ADP  managers  were 
almost  completely  hardware  oriented.  Today,  however,  more 
emphasis  is  being  placed  on  the  software  aspects,  and  the  com¬ 
puter  philosophy  is  becoming  more  system  oriented.  Officials 
are  slowly  finding  out  that  hardware  is  not  the  dominant  force 
in  successful  system  development.  The  "long  pole  in  the  tent" 
has  become  software.  The  average  price  of  a  computer  in  1974 
had  been  reduced  from  $3  million  to  $375,000,  and  the  cost  of 
100,000  calculations  from  $25  to  .009  mills  (Ref  11:6),  But 
the  cost  to  write  one  instruction  has  steadily  increased  to 
approximately  $75  per  instruction  to  develop  and  $4,000  per 
instruction  to  maintain  for  avionics  software  (Ref  19:4). 
Software  complexity  and  costs  have  continued  to  increase  while 
the  cost  of  hardware  has  continued  to  decline.  In  1953,  hard¬ 
ware  accounted  for  80  percent  of  the  total  cost  of  a  system; 
today,  it  is  about  25  percent  and  is  projected  to  be  less  than 
10  percent  by  1985  (Ref  32:3).  Operational  costs,  which  in¬ 
clude  the  maintenance  of  systems  after  development,  have 
increased  from  12  to  40  percent. 

The  estimated  annual  ADP  costs  in  DOD  are  $2.9  billion 
to  $3.6  billion  for  software  and  a  total  $6.2  billion  to 


$8.3  billion  when  hardware  and  other  ADP  resources  are  included. 
This  is  approximately  30  to  50  percent  of  all  electronics  costs 
in  DOD  (Ref  18:16).  The  Air  Force's  share  of  the  DOD  ADP  budget 
is  estimated  at  35  percent  of  the  total.  In  1976,  there  were 
approximately  115  major  defense  systems  exhibiting  critical 
computer  dependency  (Ref  19:4). 

Related  Studies 

The  recognition  of  ADP  management  problems  in  the  Air 
Force  is  not  a  recent  happening.  This  section  will  present  a 
brief  summation  of  the  major  findings  and  recommendations  from 
three  of  the  many  recent  studies  in  the  area  of  Air  Force  man¬ 
agement. 

The  Air  Force  Command  and  Control  Information  Processing 
in  the  1980s  (CCIP-85)  study  in  1974  (Ref  32:4)  suggested  that 
relative  to  overall  A.ir  Force  Command  and  Control  operations, 
automated  information  processing  capabilities  will  assume  much 
more  significance  by  the  1980s.  The  computer  resources  used 
will  be  required  to  operate  in  a  highly  changeable,  unpredictable, 
and  hostile  environment;  and  critical  outages  or  mistakes  would 
affect  national  survival.  The  major  findings  of  the  study  con¬ 
cluded  that  software  is  unreliable,  is  the  major  cause  of  program 
slippages,  is  frequently  unresponsive  to  requirements,  and  will 
be  the  major  strain  on  the  Air  Force  ADP  budget.  Recommendations 
contained  in  the  report  included: 

1.  provision  of  R$D  guidelines  for  development  of  more 
versatile,  more  economical,  and  less  manpower  inten¬ 
sive  C$C  systems; 


2.  reduction  of  the  typical  C§C  information  processing 
system  development  time  from  4  to  6  years,  and  the 
resulting  hardware  age  at  IOC  from  3  or  4  years  to 

1  or  2  years; 

3.  development  of  a  software- first  machine  strategy, 
or  provision  of  a  computer  with  microprogramming 
capability  which  would  allow  it  to  simulate  a  range 
of  hardware  configurations,  thus  allowing  the  Air 
Force  to  develop  C§C  software  before  having  to  make 
an  irrevocable  commitment  to  a  particular  hardware 
configuration. 

The  study  suggested  that  serious  management  problems  and 
institutional  roadblocks  must  be  addressed.  Procurement  and 
configuration  management  practices  would  need  major  reorienta¬ 
tions  to  reflect  the  increasingly  dominant  role  of  software, 
technical  advances  in  hardware  architecture,  and  innovations 
such  as  structured  programming  and  software-first  machine. 

The  study  of  military  electronics,  known  as  Electronics  X 
(Ref  23:14),  concluded  that  the  major  causes  of  excessive  costs 
and  delays  were  the  selection  of  a  too  small  or  ^improper  central 
processor  for  the  system,  program  overintegration,  lack  of 
discipline  in  system  development.  Recommendations  from  the 
study  included: 

1.  completing  the  design  of  the  system  and  the  basic 
program  structure  in  substantial  detail  before  making 
major  commitments  to  hardward  and  coding 

2.  selecting  a  processor  of  adequate  size,  writing 


highly  modular  programs  emphasizing  structure  and 
overall  efficiency. 

3.  using  standard,  well  established  programming  languages 

Recommendations  from  the  study  included:  1)  the  use  of 
system-function-oriented  hardware  structures  as  opposed  to  cen¬ 
tralized  programmable  uniprocessors;  2)  selection  and  development 
of  a  processor  design  that  will  minimize  the  combined  costs  of 
hardware  and  software;  3)  detailing  of  system  design  and  evalua¬ 
tion  of  alternate  processor  architectures  before  hardware 
selection;  and  4)  standardization  of  formats  and  speeds  for 
data  interchange  among  sensors,  processors,  controls,  and  displays. 

The  Project  Pacer  Flash  Study  (Ref  8:48)  was  established 
to  assess  alternative  methods  of  providing  support  for  weapon 
system  computer  resources.  The  major  conclusions  and  recommenda¬ 
tions  of  the  study  were: 

1.  an  increase  in  Air  Force  organic  support  of  weapon 
system  software  could  increase  responsiveness  and 
decrease  cost 

2.  an  organic  capability  for  dynamic  simulation  and 
verification/validation  of  airborne  weapon  system 
software  is  required 

3.  adequate  documentation  for  weapon  system  computer 
resource  support  is  not  being  provided  by  the  con¬ 
tractors  or  acquired  during  the  acquisition  phase 

4.  software  must  be  accorded  the  same  degree  of  manage¬ 
ment  control  accorded  hardware,  and  management  systems 
and  configuration  management  procedures  must  be 
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evolved  to  support  this  concept 

5.  Air  Force  directives  require  revision,  expansion,  or 
new  issue  to  adequately  cover  the  weapon  system  com¬ 
puter  resource  acquisition  and  support  problems. 

Finally,  the  Tactical  Computer  Software  Acquisition  and 
Maintenance  Study  (Ref  13: 50) found  that  : 

1.  Congress  advocates  efficient  management  of  ADP 
resources  while  0MB  and  OSD  management  policies  do 
not  cover  those  resources. 

2.  Failure  to  recognize  the  maintenance  function  early 
enough  yielded  late  and  inadequate  contractor  docu¬ 
mentation,  ineffective  configuration  management, 
lack  of  standards,  and  multi-million  dollar  integra¬ 
tion  facilities. 

3.  The  Comptroller  manages  ADP  resources  while  DDRSE , 
ASD(ISL) ,  and  ASD(T)  are  concerned  with  acquisition, 
use,  and  maintenance  of  tactical  digital  computers 
and  software. 

4.  Four  different  documents  defined  software  documenta¬ 
tion  standards  for  the  services,  and  configuration 
management  directives  were  hardware  oriented. 

Some  of  the  rather  far-reaching  recommendations  of  this 
study  included  the: 

1.  education  of  top  management  as  to  the  effect  of 
digital  computers  and  software  on  tactical  system 
acquisitions  and  life  cycle  support; 

2.  review  of  DOD  organizational  responsibilities  for 
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computer  resource  acquisition,  use,  and  maintenance; 
3.  issue  of  policies  covering  the  use  of  standard  com¬ 


puters  and  software  languages. 

These  are  but  a  few  observations  of  the  many,  perhaps 
hundreds,  of  studies  over  the  recent  past  which  have  concentrated 
on  the  computer  resource  area.  It  can  be  seen  that  time  and 
again  the  same  problems  have  been  recognized.  Excessive  develop¬ 
ment  and  maintenance  costs,  scheduled  slippages  and  delays, 
excessive  errors  or  faults,  and  duplication  and  lack  of  stand¬ 
ardization  are  among  the  most  prevalent. 

Embedded  Computer  Resource  Acquisition 

An  embedded  computer  is  defined  as  a  computer  which  is 
integral  to  a  combat  weapons  system  when  physically  incorporated 
into  the  weapon  system,  or  integral  to  the  weapon  system  from 
a  design,  procurement  or  operations  viewpoint.  Being  integral 
to  means  being  dedicated  to  and  essential  in  real  time  to  the 
performance  of  the  mission  of  the  weapons  system  in  combat.  A 
combat  weapons  system  is  an  instrument  of  combat,  either  offen¬ 
sive  or  defensive,  used  to  destroy,  injure,  or  threaten  the 
enemy  (Ref  17:3).  The  purpose  of  developing  this  definition 
was  to  maintain  in  the  system  program  offices  the  full  respon¬ 
sibility  for  the  combat  weapons  systems  in  which  computers  are 
subordinate  elements,  thus  excluding  them  from  the  Congressional, 
DOD,  and  Air  Force  directives  governing  general  purpose  ADP 
equipment. 

A  contract  is  the  basic  method  used  by  DOD  to  procure 
equipment,  supplies  and  services.  Contract  award  and  performance 


are  controlled  by  the  Armed  Service  Procurement  Regulations 
(ASPRs) .  The  basic  authority  to  procure  equipment,  supplies, 
and  services  is  contained  principally  in  Title  10,  United 
States  Code.  DOD  Directive  5000.1,  "Major  Systems  Acquisition," 
is  the  primary  weapon  system  acquisition  policy  directive.  It 
should  be  pointed  out  that  although  computer  resources  may  be 
absolutely  critical  to  the  overall  operation  of  a  weapon  system, 
it  is  not  usually  the  primary  part  of  the  system.  The  computer 
is  only  one  of  many  dissimilar  configuration  items  that  make  up 
the  major  system.  For  management  purposes,  weapon  system  acqui¬ 
sition  programs  are  categorized  as  follows: 

1.  Major  Program  -  $75  million  RDT$E,  $300  million 
production ; 

2.  AF  Designated  Acquisition  Program  -  $50  million 
RDT$E,  $200  million  production; 

3.  Small  Program  -  less  than  $50  million  RDT$E,  and 
$200  million  production  (Ref  13:6). 

The  majority  of  all  weapon  system  acquisitions  fall  into  the 
small  category.  The  primary  difference  in  the  acquisition  pro¬ 
grams  is  in  the  level  of  review. 

AFR  800-2,  "Program  Management,"  is  the  basic  Air  Force 
document  which  interprets  and  implements  DOD  5000.1  policies 
(Ref  1:12).  Initially,  a  Statement  of  Operational  Need  (SON) 
is  prepared  which  provides  the  basic  justification  to  initiate 
new  systems  acquisitions.  AFR  57-1,  "General  Operational 
Requirements,"  defines  the  requirements  process.  SONs  are 
submitted  to  HQUSAF/RD  and  validated  by  the  HQUSAF  Requirements 
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Review  Group  (RRG) .  RRG  validation  for  a  small  program  con¬ 
stitutes  HQUSAF  approval  of  the  SON,  permits  the  Air  Force  to 
commit  resources,  and  directs  the  implementing  command  (usually 
AFSC)  to  explore  alternatives.  AF  designated  or  Major  programs 
require  additional  approvals  at  the  Secretary  Air  Force  and 
Secretary  Defense  levels  respectively  (Ref  1:4). 

Upon  approval  of  the  requirement,  action  is  initiated  to 
enter  the  system  into  the  DOD  Planning  Programming  and  Budgeting 
System  (PPBS) .  The  PPBS  is  the  means  by  which  service  needs  are 
communicated  to  Congress.  A  key  output  of  the  PPBS  is  the  Five- 
Year  Defense  Program  (FYDP)  which  lists  the  current  approved 
program.  The  Congressional  Appropriations  Bill  makes  funds 
available  to  proceed  with  a  program.  The  majority  of  weapon 
systems  acquisitions,  of  which  the  computer  resources  are  an 
integral  part,  are  funded  under  the  3600-RDT5E,  3010-Aircraft 
Procurement,  and  the  3080-Other  Procurement  appropriations 
(Ref  30:48) . 

The  official  USAF  document  used  to  provide  direction  is 
the  Program  Management  Directive  (PMD) .  The  PMD  is  issued  to 
a  field  product  organization  (usually  ASD,  ESD,  SAMSO)  which 
assigns  acquisition  responsibility  to  a  new  or  existing  System 
Program  Office  (SPO) .  The  Air  Force  normally  solicits  offers 
by  issuing  a  Request  for  Proposal  (RFP) .  The  contractor's 
response  constitutes  an  offer,  and  the  subsequent  contract 
award  constitutes  acceptance  by  the  Air  Force  for  contractor 
development  of  the  system.  AiT  Force  Regulation  70-15,  "Source 
Selection  Policy  and  Procedures,"  provides  the  methods  used  in 
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competitive  procurements,  A  Source  Selection  Plan  (SSP) 
prepared  by  the  SPO  is  submitted  to  the  Source  Selection 
Advisory  Council  (SSAC) .  The  SSAC,  chaired  by  the  Source 
Selection  Authority  (SSA) ,  evaluates  the  RFPs,  approves  the 
SSP,  selects  the  source,  and  announces  the  contract  award. 
Source  Selection  authority  is  normally  delegated  to  the  AFSC 
Product  Division. 

The  SPO  is  the  official  AF  organization  established  to 
acquire  a  system  within  cost,  schedule,  and  performance  cri¬ 
teria  established.  The  program  manager  is  responsible  for 
all  technical  and  business  decisions  relating  to  the  system 
acquisition.  Usually  within  a  SPO  organization  there  exists: 
1)  Program  Control  office  responsible  for  planning  and  finan¬ 
cial  matters;  2)  Configuration  Management  office  responsible 
for  formalizing  system  requirements  into  specifications  and 
controlling  the  system  configuration;  3)  Engineering  division 
which  provides  technical  direction  to  the  contractor  and 
assures  compatibility  of  all  system  elements;  4)  Procurement 
organization  responsible  for  procurement  activities,  and  5) 
Production  Management  office  responsible  for  production 
activities . 

All  systems  usually  proceed  through  a  five-step  acqui¬ 
sition  life  cycle.  The  Conceptual  Phase  entails  the  identifi¬ 
cation  and  exploration  of  alternatives.  The  Validation  Phase 
is  used  to  refine  solutions  through  study  and  analysis,  and 
prototype  testing  and  evaluation.  The  Full  Scale  Development 
Phase  is  where  the  principle  items  of  the  system,  including 


support  equipment,  are  designed  and  fabricated.  The  Production 
Phase  covers  the  period  when  systems  are  being  built  and  fielded. 
Finally,  the  Deployment  Phase  is  that  period  when  equipment  is 
provided  to  and  used  by  operational  units. 

From  initiation  of  the  Conceptual  Phase  until  completion 
of  Production,  the  system  is  managed  in  accordance  with  AFR  800-2 
policies  and  procedures.  Systems  engineering  is  controlled  by 
AFR  800-3,  "Engineering  for  Defense  Systems,"  and  MIL-STD  499A, 
"Engineering  Management,"  policies  and  procedures.  Configuration 
Management  is  conducted  in  accordance  with  MIL-STD  483,  Config¬ 
uration  Management  Practices  for  Systems,  Equipment,  Munitions 
and  Computer  Programs,  procedures  which  establish  the  "baseline 
management"  concept.  Documentation  of  system  development  and 
production  specifications  (Part  I  and  Part  II  specifications) 
is  in  accordance  with  MIL-STD  490,  "Specifications  Practices." 
Technical  reviews  and  audits  are  conducted  periodically  to 
insure  contractual  compliance.  These  reviews  and  audit  policies 
and  procedures  are  lineated  in  .MIL-STD  1521,  "Technical  Reviews 
and  Audits  for  Systems,  Equipment,  and  Computer  Programs." 

AFR  800-14,  "Acquisition  and  Support  Procedures  for  Computer 
Resources  in  Systems,"  is  a  relatively  new  procedures  document 
which  provides  detailed  information  to  the  SPO  on  the  acquisi¬ 
tion  of  computer  resources  which  may  be  embedded  in  the  system 
(Ref  1) . 

This  has  been  a  brief  look  at  the  process  by  which 
weapon  systems  are  normally  acquired  in  the  Air  Force,  with 
specific  attention  to  those  elements  which  are  directly  related 
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to  computer  resources.  A  relatively  new  DOD  Directive,  5000.29, 
"Management  of  Computer  Resources  in  Major  Defense  System," 

(April  1976)  has  given  added  top-level  emphasis  to  the  area  of 
embedded  computer  resources,  but  it  is  questionable  whether  it 
was  able  to  exert  any  impact  on  many  of  the  major  systems  in 
development  prior  to  its  publication.  The  rapid  growth  in 
computer  utilization  in  the  weapon  system  area  and  the  techno¬ 
logical  evolution  accompanying  that  growth  must  be  recognized 
and  dealt  with  at  every  management  level.  It  is  estimated  that 
in  the  very  near  future  the  resources  involved  will  reach  a 

t 

total  of  40,000  computers  and  110,000  computer  programs  in  the 
Air  Force  alone  (Ref  22:55). 

General  Purpose  Computer  Resource  Acquisition 

General  Purpose  Computers  are  usually  identified  as  those 
which  are  off-the-shelf,  commercially  available,  automatic  data 
processing  components,  regardless  of  use,  size,  quantity,  or 
price.  They  are  designed  to  be  applied  to  the  solution  or  pro¬ 
cessing  of  a  variety  of  problems,  not  for  specific  application 
(Ref  17:1) . 

Air  Force  management  of  General  Purpose  Computer  resources 
are  rooted  in:  1)  the  Federal  Legislation  Public  Law  89-306, 

October  1965  (the  Brooks  Bill)  ,  which  regulates  the  acquisition 
of  computer  equipment,  supplies,  and  services;  2)  the  Bureau  of 
the  Budget  Circular  A-71,  March  1965,  which  delineated  respon¬ 
sibilities  for  certain  ADP  acquisition  functions  to  Government 
Services  Agency  (GSA) ;  and  3)  the  Federal  Property  Management 
Regulations,  and  Federal  Information  Processing  Standards 
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Publications  (FIPS  PUBS)  (Ref  36:60).  DOD  Directive  5100.40, 
"Responsibility  for  the  Administration  of  the  DOD  Automatic  Data 
Processing  Program,"  and  DOD  4105.55,  "Selection  and  Acquisition 
of  Automatic  Data  Processing  Resources,"  are  the  primary  general 
purpose  computer  policy  directives.  Air  Force  Regulation  300-12, 
"Procedures  for  Managing  Automatic  Data  Processing  Systems 
Documentation,  Development,  Acquisition,  and  Implementation," 
is  the  basic  Air  Force  document  which  interprets  and  implements 
the  DOD  directives. 

The  Assistant  Secretary  of  the  Air  Force  for  Financial 
Management  is  designated  as  the  senior  ADP  official.  In  accord¬ 
ance  with  the  300  series  AF  Regulations,  authority  to  manage  the 
Air  Force  ADP  program  is  delegated  to  the  Director  of  Data 
Automation  under  the  direction  of  the  Comptroller  of  the  Air 
Force.  Command  ADP  Program  Single  Managers  exist  at  each  of 
the  major  commands  and  are  responsible  for  management  of  all 
the  ADP  programs  within  their  organizations.  The  HQUSAF  Data 
Automation  Panel  is  responsible  for  review  and  approval  authority 
for  acquisition  of  general  purpose  computer  equipment  within 
designated  financial  thresholds  (Ref  4). 

Under  this  management  structure,  requests  for  new  ADP 
resources  are  submitted  in  the  form  of  a  Data  Automation  Require¬ 
ment  (DAR)  to  the  designated  approval  authority  (depending  on 
the  financial  threshold).  Upon  approval  of  the  requirement,  a 
Data  Project  Directive  (DPD)  is  issued  to  the  developing  or 
acquisition  agency,  which,  in  turn,  prepares  a  Data  Project 
Plan  (DPP).  The  DPD  grants  approval,  assigns  responsibilities, 
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and  authorizes  resource  expenditures.  The  DPP  describes 
actions  to  be  taken  by  the  development  agency  to  achieve 
project  performance,  schedule,  and  cost  objectives. 

Budgeting  and  funding  of  the  Air  Force  ADP  Program  are 
accomplished  through  the  ADP  Management  Information  System 
(ADPMIS)  (RCS :DD-C0MP (AR) 996) ,  which  tracks  progression  from 
early  functional  requirement  identification  through  Air  Staff 
validation  and  entry  into  the  Five-Year  Defense  Program  (FYDP) . 

Major  cost  incurrences  are  in  the  3080  (Other  Procurement)  and  j 

3400  (Operations  and  Maintenance  Appropriations) .  ' 

Most  general  purpose  systems  cannot  be  procured  without 
prior  approval  of  the  GSA.  An  Agency  Procurement  Request  (APR) 
is  submitted  to  GSA,  which  can  conduct  the  procurement  or  issue 

i 

a  Delegation  of  Procurement  Authority  (DPA)  to  the  Air  Force. 

AFR  70-15  source  selection  policies  are  applicable  to  the 
acquisition  of  general  purpose  computers. 

The  general  purpose  acquisition  management  philosophy,  ! 

as  presented  in  AFR  300-12,  does  include  a  five-phase  life  cycle  - 

development  scheme,  specific  documentation  standards,  and  an  a 

established  sequence  of  reviews  and  audits.  However,  much  of  g 

the  terminology  in  this  system  does  not  match  that  in  the  jj 

embedded  computer  acquisition  scheme  and,  of  particular  concern,  jj 

is  the  entirely  different  documentation  method.  General  purpose  | 

systems  are  documented  in  accordance  with  DOD  Standard  7935.15,  I 

"Automated  Data  Systems  Documentation  Standards."  ; 

The  "300  Series"  management  structure  in  its  present 
form  puts  the  ADP  management  body  in  the  simultaneous  positions  \ 
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of  advocate  and  adversary.  That  is,  they  are  charged  with 
holding  down  costs,  scoping  functional  requirements,  and  en¬ 
forcing  utilization  policy  while,  at  the  same  time,  being 
responsible  for  approval,  acquisition,  and  implementation  of 
general  purpose  computer  systems  in  the  Air  Force. 


Software  Cost  Estimation 


As  indicated  by  the  Deputy  Assistance  Secretary  of 
Defense  for  Material  Acquisition  in  the  October  1975  Defense 
Management  Journal : 

The  most  critical  issue  facing  DOD  is  the  increasing 
use  of  and  dependence  on  software  in  weapons  systems 
without  the  proven  management  and  production  methods 
necessary  to  control  its  direct  and  indirect  costs. 

Life  cycle  costing  must  be  fully  applied.  The  primary 
objective  is  to  make  top-level  DOD  management  aware  of 
the  impact  of  software  on  the  costs  of  weapon  systems 
[Ref  19:1] . 

The  1975  DOD  Weapon  System  Software  Acquisition  and 
Management  Study  conducted  by  Mitre  Corporation  concluded  that 

Meaningful  cost  information  was  not  generally  avail¬ 
able.  This  was  apparently  due  to  lack  of  common  defini¬ 
tions  for  the  components  of  software  costs,  to  regulations 
not  requiring  software  to  be  broken  out  and  maintained 
separately  from  hardware,  and  to  a  lack  of  detailed 
historical  cost  records.  It  was  also  noted  that  cost 
information  was  rarely  correlated  with  technical  infor¬ 
mation  for  management  purposes.  Future  efforts  to 
determine  the  cost  of  software  in  weapon  systems  should 
include  (start  with)  the  development  of  a  management 
cost  model  and  agreement  on  its  content  [Ref  26:6]. 

The  DOD  Software  Study  concluded  that: 

Formal  definition,  reporting,  collection,  analysis  and 
feedback  of  software  cost  information  would  improve 
managements  visibility  of  software.  It  would  provide 
information  in  the  future  so  that  major  areas  could  be 
identified  where  DOD  software  costs  are  occurring  and 
thus  identify  areas  for  possible  improvements  in  cost 
and  performance  [Ref  26:7] . 


Many  software  acquisitions  have  experienced  cost  and 
schedule  overruns  leading  to  unanticipated  cost  growth.  These 
experiences  have  highlighted  the  need  to  improve  methods  of 
software  cost  estimation.  Software  cost  estimation  is  essen¬ 
tial  to  budgeting,  allocation  of  resources,  and  control  of 
expenditures  throughout  the  life  cycle  of  a  system.  Accurate 
predictions  of  software  costs  are  required  in  order  to  make 
practical  and  realistic  tradeoffs  between  system  capabilities 
and  life  cycle  costs. 

The  central  problem  is  that  software  estimation  is 
difficult  and  extremely  error  prone.  One  of  the  most  grievous 
problems  with  software  cost  estimates  is  that  it  is  often 
difficult  to  determine  until  very  late  in  the  development  pro¬ 
cess  just  how  wrong  they  are.  Two  of  the  fundamental  reasons 
for  poor  software  cost  estimates  are: 

1.  the  high  risk  and  uncertainty  involved  in  software 
developments 

2.  The  lack  of  a  quantitative  data  base  of  cost  measure¬ 
ments  on  which  to  base  cost  estimates 

Cost  estimates  may  be  prepared  at  any  point  in  the 
acquisition  cycle,  but  it  is  important  to  have  estimates  at  the 
program  decision  point  (between  the  Conceptual  and  Validation 
Phases),  at  the  ratification  decision  point  (between  Validation 
and  Full-Scale  Development  Phases) ,  and  at  the  production  decision 
point  (between  Full-Scale  Development  and  Production  Phases) . 
Because  of  the  difficulty  of  accurately  estimating  software 
development  costs,  especially  at  points  in  the  acquisition  life 


cycle  where  adequate  technical  information  is  not  yet  available, 
an  iterative  cost  estimation  process  is  the  only  way  to  obtain 
reasonably  valid  cost  estimates. 

A  number  of  cost  estimating  techniques  are  used  within 
the  software  industry.  They  are  often  referred  to  by  different 
names  and  are  sometimes  used  in  combination.  The  most  promising 
technique  is  parametric  modeling.  The  parametric  technique 
involves  the  identification  of  cost  variables  and  quantification 
of  their  relationship  to  cost.  Any  new  cost  estimate  can  be 
made  by  estimating  values  for  the  cost  variables  and  then  com¬ 
puting  the  cost  using  the  equations  which  express  the  cost 
estimating  relationships.  Empirical  data  is  used  as  an  objec¬ 
tive  reference.  Information  used  in  the  estimation  process 
normally  includes:  1)  allocation  of  requirements  to  software 
modules;  2)  estimates  of  number  of  object  instructions  per 
module;  3)  complexity  and  technological  risk;  4)  computer  of 
choice;  5)  higher  order  language  of  choice;  6)  type  of  software 
to  be  developed;  7)  technical  experience  of  the  developer;  8) 
length  of  development  time;  9)  performance  record  in  number  of 
instructions  and  development  man-months;  and  10)  management 
factors  to  do  with  productivity  rates,  error  rates,  and  avail¬ 
ability  of  computer  time  (Ref  10). 

Two  recent  theses  in  the  Department  of  Systems  Management 
(Devenny,  T.J.,  GSM76S  and  Schneider,  GSM-77S)  both  addressed 
the  problem  of  Air  Force  software  cost  estimation.  One  thesis 
concentrated  on  efforts  in  the  command  and  control  software  area 
through  an  analysis  of  activities  at  the  Systems  Command 


Electronic  Systems  Division  (ESD)  The  other  thesis  addressed 
Avionics  software  cost  estimation  activities  at  the  Aeronautical 
Systems  Division  (ASD) .  Both  of  the  theses  in  question  made 
recommendations  regarding  the  adoption  of  a  "common"  software 
cost  estimation  technique.  Both  theses  also  made  recommenda¬ 
tions  regarding  further  study  of  a  promising  new  software  cost 
estimation  system  known  as  the  RCA  PRICE-S  model.  Neither 
thesis  had  sufficient  time  nor  adequate  cost  data  to  validate 
the  model  sufficiently  to  make  recommendations  regarding  its 
adoption  as  a  standard  cost  estimation  methodology. 

Research  Effort 

Objectives .  Questions  to  be  considered  in  conducting 
this  research  were  the  following: 

1.  Are  there  differences  in  software  development  costs 
other  than  inherent  complexities  of  machine  and  language  depen¬ 
dencies  which  would  negate  the  possibility  of  adopting  a  standard 
for  software  cost  estimation? 

2.  Does  a  specific  software  cost  estimation  model  such 
as  the  RCA  PRICE-S  model  have  universal  applicability  for  Air 
Force  embedded,  command  and  control,  and  management  data  systems, 
and  could  the  single  model  gain  acceptance  as  a  standard  for 
cost  estimation  and  reporting  purposes? 

Scope .  While  there  are  a  number  of  software  cost  esti¬ 
mation  techniques  available  and  in  use  today,  this  study 
restricted  attention  to  RCA  *PRICE-S,  one  of  the  more  promising 
automated  systems  presently  in  use  by  government  and  industry. 


Data  gathering  was  limited  to  the  Aeronautical  Systems 
Division  (ASD) ,  Electronic  Systems  Division  (ESD) ,  and  the  Air 
Force  Data  Systems  Design  Center  (AFDSDC) ,  which  are  the  three 
organizations  responsible  for  the  major  portion  of  Air  Force 
software  development  and  acquisition.  Data  gathering  was 
limited  to  a  cross-section  of  past  programs  (for  which  cost 
information  is  available)  in  the  three  major  areas  of  embedded, 
command  and  control,  and  management  data  systems. 

Methodology.  Data  collection  for  this  research  was 
divided  into  three  phases.  First,  a  general  literature  review 
on  current  software  cost  estimating  state-of-the-art  techniques 
was  conducted.  This  phase  provided  the  researcher  with  the 
necessary  background  and  information  for  evaluating  the  specific 
methodology  to  be  examined. 

Second,  information  on  the  cost  estimating  system 
utilized  in  the  analysis  was  gathered.  This  phase  was  necessary 
to  familiarize  the  researcher  with  the  requirements  for  opera¬ 
tion  of  the  systems. 

Finally,  the  researcher  gathered  historical  data  on 
previous  Air  Force  software  development  projects.  Data  was 
gathered  through  personal  interviews  with  personnel  at  the 
major  development  centers. 

Data  Analysis.  Historical  data  from  past  development 
efforts  were  collected  based  on  the  cost  estimating  requirements 
identified  in  the  PRICE-S  system  along  with  data  on  the  actual 
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system  costs.  The  historical  data  were  utilized  as  input  data 
to  the  cost  estimating  systems  in  question.  Comparisons  of  the 


W 


W 


system  generated  cost  estimates  with  the  actual  historical 
costs  was  conducted.  Analysis  was  conducted  to  compare  the 
outputs  of  the  test  system  to  actual  historical  cost  to  deter¬ 
mine  if  the  predictions  generate  statistically  significant 
differences  in  software  development  costs. 

The  purpose  of  this  chapter  was  to  provide  a  basic 
understanding  of  the  computer  resource  acquisition  process  and 
define  the  scope  of  this  research  effort.  The  following  chapter 
will  expand  on  the  basic  acquisition  process  and  include  a  gen¬ 
eral  discussion  of  the  software  development  management  process. 
An  understanding  of  these  two  processes  is  essential  for  anyone 
involved  in  estimating  the  cost  of  developing  computer  software. 
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1 1  •  Background 

The  history  of  the  software  industry  has  been  marked 
by  cost  overruns,  late  deliveries,  poor  reliability,  and 
user  dissatisfaction.  While  these  problems  are  not  unique 
to  computing,  the  record  seems  to  indicate  that  software 
developers  as  a  group  are  less  successful  in  meeting  quality, 
cost,  and  schedule  objectives  that  their  hardware  counter¬ 
parts  . 

Recent  advances  in  the  state-of-the-art  in  computer 
software  development  techniques  hold  some  promise  for  reduc¬ 
ing  Air  Force  expenditures.  Some  of  these  techniques, 
referred  to  as  modern  programming  practices,  are  now  being 
applied  by  various  DOD  and  industrial  software  developers. 
Some  of  these  practices  include  project  planning  and  organi¬ 
zation  techniques,  design  methodologies,  coding  and  testing 
practices,  use  of  programming  support  tools,  documentation 
standards,  configuration  management  and  change  control  tech¬ 
niques,  and  the  procedures  and  guidelines  necessary  to  employ 
these  practices  in  a  disciplined  manner.  The  Air  Force  is 
encouraging  contractors,  as  well  as  its  own  development 
organizations,  to  employ  beneficial  practices  in  developing 
software.  Those  practices  found  to  be  effective  in  reducing 
costs  are  being  standardized  into  specifications  and  guide¬ 
lines  . 
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Software  Management 

In  general,  two  types  of  acquisitions  involving  software 
have  been  distinguished  to  which  two  basic  series  of  regula¬ 
tions  can  apply:  1)  ADP  procurement,  management,  and  develop¬ 
ment  regulared  by  the  AFR  300  series;  and  2)  acquisition  of 
major  systems,  including  embedded  computer  resources,  regulated 
by  the  AFR  800  series.  The  two  series  are  not  mutually  exclu¬ 
sive.  The  Air  Force  ADP  Program  Single  Manager  established 
by  AFR  300-2  is  responsible  for  providing  ADP  technical  and 
managerial  expertise  to  AFR  800  series  acquisition  programs 
through  HQ  USAF  coordination.  Also  for  800  series  programs, 
several  specific  regulations  in  the  300  series  can  be  employed. 
Figure  1  (Ref  3:19)  illustrates  the  major  relationships  between 
the  two  series. 

Embedded  Systems.  One  of  the  major  features  associated 
with  software  development  is  the  notion  of  a  life  cycle  con¬ 
cept  as  previously  discussed.  This  life  cycle  concept  views 
the  software  as  going  through  a  series  of  phases.  Depicted 
in  Figure  2  (Ref  24:6.50)  is  a  typical  software  development 
and  configuration  management  approach  which  conforms  to  the 
general  policies  and  guidelines  established  by  the  DOD  for 
embedded  computer  systems.  The  key  concept  in  configuration 
management  is  the  "baseline"  which  is  established  by  customer 
review  and  acceptance  of  a  baseline  specification  document. 
Baselines  are  so  called  because  they  are  the  bases,  or  refer- 

t 

ence  points,  for  subsequent  development  and  control.  The 
configuration  management  approach  pictured  in  Figure  2  and 
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briefly  summarized  in  Figure  3  (Ref  1:  9)  includes  the  life 
cycle  phases,  the  baselines,  the  baseline  specifications  and 
documents,  the  computer  program  hierarchy,  and  the  management 
control  vehicles. 

The  Conceptual  Phase  of  the  software  life  cycle  is 
initiated  by  an  analysis  of  mission  requirements  through  a 
definition  of  operational  concepts,  environments,  and  con¬ 
straints.  System  feasibility  studies  are  normally  conducted 
to  formulate  the  basic  system  requirements  and  determine 
technological  and  economic  feasibility.  Systems  Engineering 
efforts  during  this  phase  include  the  allocation  of  functions 
between  man  and  machine,  and  the  determination  of  computer 
performance  characteristics.  Overall  system  performance  and 
testing  requirements  are  defined  and  major  system  elements 
and  interfaces  are  established.  The  major  output  of  the 
Conceptual  Phase  is  the  System  Specification  document. 
Acceptance  of  the  System  Specification  by  the  customer  during 
the  System  Requirements  Review  (SRR)  signifies  the  establish¬ 
ment  of  the  Functional  Baseline  (Ref  31:2-10). 

The  Definition  (Validation)  Phase  is  started  by  defining 
the  interface  requirements  between  the  operational  functions 
and  includes  an  initial  allocation  of  performance  require¬ 
ments  by  segment,  the  development  of  a  schedule,  and  the 
establishment  of  control  techniques.  The  tasks  to  be  per¬ 
formed  by  the  individual  software  programs  are  defined  at 
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this  time,  as  well  as  the  manual  tasks  and  procedures  required 
for  operation  of  the  equipment  and  the  automated  tasks  to  be 
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Fig  3,  continued 
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performed  by  the  computer.  General  requirements  for  the 
design,  development,  test,  and  validation  of  the  software 
are  specified  during  this  phase.  The  Allocated  Baseline 
is  established  through  customer  acceptance  of  the  software 
Development  Specification  at  the  System  Design  Review  (SDR) 

(Ref  31:2-13) . 

A  major  element  of  the  Development  Phase  of  the  life 
cycle  is  the  allocation  of  inputs,  outputs,  and  functions  to 
various  system  elements,  the  segmentation  of  programming 
tasks  into  specific  packages  and  the  development  of  a  function¬ 
al  flow.  A  Preliminary  Design  Review  (PDR)  is  conducted  early 
in  the  phase  in  order  to  confirm  the  design  integrity  of  the 
proposed  system.  Charts,  diagrams  and  descriptions  are  pre¬ 
pared  for  each  software  item  in  sufficient  detail  for 
eventual  coding.  At  this  point,  a  Critical  Design  Review 
(CDR)  is  conducted  for  the  purpose  of  insuring  that  the 
Product  Specification,  containing  the  actual  design,  meets 
the  development  requirements.  Following  the  CDR,  the  actual 
coding  of  the  computer  programs  occurs.  Developmental  testing 
by  the  individual  programmers  occurs  concurrently  with  the 
coding  activities.  Functional  and  Physical  Configuration 
Audits  (FCA,  PCA)  and  Formal  Qualification  Review  (FQR)  are 
conducted  on  each  software  program  to  insure  acceptance  of 
the  software  and  documentation.  Finally,  system  and  opera¬ 
tional  tests  of  the  entire  hardware  and  software  system  are 
conducted  to  insure  that  performance  and  design  requirements 
contained  in  the  specifications  are  met  (Ref  31:2-16). 


30 


The  Operational  Phase  involves  turnover  of  programs 
and  documentation  to  the  operational  user  for  subsequent 
operation,  maintenance,  and  refinement. 

Because  the  actual  software  program  itself  is  invisible 
to  the  user,  the  development  of  an  adequate  documentational 
representation  is  essential.  The  baseline  documents  are 
normally  deliverable  items  to  the  customer.  The  first  major 
document  is  the  System  Specification  which  details  the  mission 
requirements  of  the  system,  allocated  functional  requirements 
to  the  individual  configuration  items  (programs)  ,  and  defines 
the  configuration  item  interfaces  required.  The  Development 
Specifications,  which  establishes  the  Allocated  Baseline, 
describes  in  detail  all  of  the  requirements  necessary  to  design 
and  test  the  individual  programs.  The  Product  Specification, 
another  of  the  major  documents  in  the  series,  establishes  the 
Product  Baseline.  This  document  is  the  technical  description 
of  the  program  and  will  include  an  actual  listing  of  program 
code.  Other  documents  in  the  series  include  Test  Plans, 
Operator's  Manuals,  and  Program  Maintenance  Manuals  (Ref  31:4-6). 

A  series  of  progressively  more  detailed  reviews  and 
audits  are  scheduled  at  various  decision  points  in  the  life 


cycle  to  allow  the  program  manager  to  assess  progress  and 

establish  new  baselines  for  each  of  the  individual  software 

programs.  The  System  Requirements  Review  (SRR)  is  the 

first  in  the  series,  and  its  purpose  is  to  review  the  System 

> 

Specification  in  order  to  determine  if  the  preliminary 
requirements  allocation  satisfied  mission  requirements.  The 
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System  Design  Review  (SDR)  is  conducted  to  insure  that  the 
allocated  functional  requirements  in  the  preliminary  Design 
Specification  fulfill  the  System  Specification  Requirements. 

A  Preliminary  Design  Review  (PDR)  is  usually  conducted  for 
each  program  to  evaluate  the  basic  design  approach  for  com¬ 
pleteness,  adequacy,  and  compatabi lity  with  the  allocated 
requirements  in  the  Development  Specification.  The  last  in 
the  systems  engineering  oriented  reviews  is  the  CDR  (Critical 
Design  Review).  The  CDR  is  conducted  prior  to  actual  coding 
to  insure  that  the  detailed  design  solution  in  the  Product 
Specification  meets  the  performance  requirements  contained  in 
the  Development  Specification.  Finally,  the  Functional  Con¬ 
figuration  Audit  (FCA)  is  conducted  to  insure  that  actual 
program  performance  is  in  compliance  with  the  Development 
Specification;  the  Physical  Configuration  Audit  (PCA)  verifies 
that  the  final  program  is  as  described  in  the  Product  Specifi¬ 
cation;  and  the  Formal  Qualification  Review  denotes  contractual 
acceptance  of  the  program  by  the  customer  (Ref  31:8-5). 

The  configuration  management  system  depicted  here 

has  evolved  over  time,  largely  as  a  response  to  increased 

demand  for  improved  software  development  techniques.  It  has 

also  been  suggested  that  cost  predictions  cannot  be  fulfilled 

unless  the  mechanism  for  management  control  is  satisfied  in 

advance.  The  major  emphasis  of  the  system  is  to  produce 

accurate  software  documentation  which  becomes  the  instrument 

* 

by  which  management  controls  the  project.  Technical  reviews 
are  conducted  against  predetermined  criteria  for  the  purpose 
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of  establishing  necessary  baselines.  Configuration  manage¬ 
ment  controls  and  procedures  are  applied  to  assure  that 
changes  are  implemented  and  tested  properly.  The  system 
provides  a  data  reporting  and  control  system  to  assure  that 
all  software  configuration  data  are  analyzed,  reported,  and 
available  when  needed  (Ref  35:2). 

General  purpose.  Unlike  embedded  computer  software 
which  is  normally  developed  by  contractor  personnel  (as  part 
of  a  larger  weapon  system)  under  the  guidance  and  direction 
of  DOD  program  management  personnel,  general  purpose  systems 
are  usually  management  information  oriented  systems  and  are 
developed  by  the  various  Air  Force  agencies  involved  (e.g., 
Personnel,  Accounting  and  Finance).  The  software  project 
management  concept  shown  in  Figure  4  (Ref  5 : 2- 2a),  which  is 
analogous  to  that  of  the  embedded  system,  has  been  developed 
for  general  purpose  software.  The  concepts  of  life  cycle 
phases,  documented  baselines,  and  decision  points  keyed  to 
specified  management  reviews  are  carried  through  this  system 
almost  intact.  Effective  software  project  management  is 
still  the  key  to  development  success. 

The  first  step  in  the  acquisition  of  an  ADP  capability 
to  fulfill  a  mission  or  operational  requirement  is  a  user 
analysis  of  need,  identification  of  alternatives,  and  docu¬ 
mentation  of  requirements.  This  conceptual  requirements 
document  is  known  as  the  Data  Automation  Requirement  (DAR) . 
The  system  development  process  is  initiated  by  a  Conceptual 
Phase  during  which  the  user  determination  of  mission 
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requirements  and  system  requirements  is  completed.  The 
Definition  Phase  encompasses  the  development  of  the  functional 
requirements  of  the  major  software  and  hardware  elements  of 
the  system.  During  the  Development  Phase,  the  preliminary 
analysis  and  design,  detailed  analysis  and  design,  develop¬ 
ment  (coding,  debugging,  and  checkout),  and  testing  of  system 
elements  is  accomplished.  The  Integration  Phase  includes 
installation,  integration  and  testing  of  system  elements  in 
the  operational  environment.  Operation,  maintenance  and 
product  improvement  are  the  major  activities  in  the  Operational 
Phase  of  the  life  cycle  (Ref  5:2-2). 

The  characteristics  of  an  evolving  system  and  its  con¬ 
figuration  items  are  defined  and  documented  in  increasing 
detail  at  logical  transition  points  or  baselines  in  a  manner 
similar  to  that  of  the  embedded  computer  software.  The 
Functional  Baseline  marks  the  end  of  the  Conceptual  Phase  and 
is  established  by  a  Functional  Description  (FD)  document.  The 
Allocated  Baseline  established  by  the  System  Specification  (SS) 
marks  the  end  of  the  Definition  Phase.  The  Product  Baseline 
defines  the  end  of  the  Development  Phase  and  is  established 
by  user  acceptance  of  the  Program  Specification  (PS) . 

The  documentation  scheme  for  the  general  purpose  systems 
is  again  similar  to  the  embedded  systems.  The  Functional 
Description  (FD)  is  a  document  which  states  the  mission 
requirements  for  a  system,  allocates  requirements  to  function- 
al  areas  for  configuration  items  and  defines  the  interfaces 
between  or  among  the  configuration  items.  The  System 
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Specification  (SS)  is  a  technical  document  that  governs  the 
development  and  testing  of  a  computer  program.  The  SS  de¬ 
fines  performance,  interface,  and  other  technical  requirements 
in  sufficient  detail  to  permit  design,  coding,  and  evaluation. 
The  Program  Specification  (PS)  is  the  document  which  defines 
the  characteristics  of  the  computer  program  in  sufficient 
detail  to  permit  coding.  The  final  version  of  the  PS  is 
utilized  in  performing  program  maintenance  and  modification. 
Additional  test  and  evaluation,  data  base,  and  operational 
support  documents  are  developed  to  assist  in  the  configuration 
management  activities. 

Again,  a  series  of  reviews  and  audits  are  scheduled  at 
meaningful  points  during  the  development  cycle  to  assess 
progress  and  establish  configuration  identifications.  The 
specific  number,  content,  and  conduct  of  the  reviews  and 
audits  are  normally  included  in  the  governing  documentation 
and  established  by  agreement  between  the  user  and  the  develop¬ 
ment  agency.  The  reviews  and  audits  are  divided  into  two 
basic  types,  those  which  are  primarily  system  engineering 
oriented,  and  those  which  are  configuration  management  oriented. 
The  System  Requirements  Review  (SRR) ,  which  is  the  first  of 
the  engineering  oriented  reviews,  is  conducted  to  review  the 
users  requirements  and  determine  details  for  the  development 
of  an  FD.  A  System  Design  Review  (SDR)  is  conducted  to  insure 

the  adequacy  of  the  FD  in  satisfying  mission  requirements 

* 

and  to  evaluate  the  SS  for  technical  understanding  of  require¬ 
ments.  The  Preliminary  Design  Review  (PDR)  is  a  technical 
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evaluation  of  the  basic  design  approach  for  the  computer 
program.  Finally,  a  Critical  Design  Review  (CDR)  is  con¬ 
ducted  to  insure  that  the  detailed  design  solution  reflected 
in  the  PS  satisfies  the  performance  requirements  established 
in  the  SS.  The  Functional  Configuration  Audit  (FCA)  ,  Physi¬ 
cal  Configuration  Audit  (PCA) ,  and  the  Formal  Qualification 
Review  (FQR)  are  configuration  management  oriented  activities 

conducted  to  verify  that  actual  performance  is  in  compliance 

* 

with  the  SS,  and  that  the  coded  version  of  the  program  con¬ 
forms  to  the  technical  documentation  description  (PS)  (Ref  5:5-1). 

The  software  project  management  techniques  portrayed 
here,  both  for  the  embedded  as  well  as  the  general  purpose 
computer  software,  describe  the  activities  encompassing  the 
planning,  control,  engineering,  and  supervision  involved  in 
producing  an  end  product- -an  operational  computer  program. 

The  approaches  to  the  management  of  a  project  depicted  here 
facilitate  the  orderly  analysis,  assimilation,  and  resolution 
to  the  problems  of  complex  development  efforts.  The  concepts 
and  principles  of  project  development  herein  are  the  key 
elements  in  evolving  an  adequate  software  cost  estimation 
methodology.  Each  phase  has  structured  inputs  and  outputs 
which  can  be  evaluated  to  determine  cost  elements.  The  phases 
provide  guidelines  for  managing  the  development  process  and 
uniform  output  so  that  quantitative  measures  of  results  can 
be  obtained. 

■k 

Software  Cost  Estimating  Factors 

As  previously  pointed  out,  the  cost  of  developing  software 
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is  rising  rapidly  and  will  soon  become  the  most  expensive 
element  in  any  computer  project.  Because  of  this,  more 
emphasis  within  DOD  is  being  placed  on  estimating  the  cost 
of  software.  As  a  result  of  this  emphasis,  many  studies 
have  been  conducted  addressing  the  software  cost  estimation 
area.  One  recent  study  concluded  that: 

The  objective  of  software  cost  estimation  is  to 
determine  what  the  costs  of  software  will  be.  A  good 
cost  estimate  must  also  show  when  and  how  the  costs 
will  be  incurred.  Such  information  not  only  provides 
justification  for  a  cost  estimate,  but  is  also  essen¬ 
tial  to  budgeting,  allocation  of  resources,  and  control 
of  software  expenditures  throughout  the  life  cycle  of  a 
system.  .  .  .  Many  software  acquisitions  have  experi¬ 
enced  cost  and  schedule  overruns  which  have  led  to 
unanticipated  cost  growth  for  the  software  and  for  the 
overall  system.  These  experiences  have  highlighted 
the  need  to  improve  our  methods  of  software  cost 
estimation  [Ref  10:5]. 

The  same  study  also  concluded: 

There  is  only  one  real  problem  with  software  cost 
estimation:  overruns.  Unexpected  costs  due  to  poor 
cost  estimation  are  harder  to  accept  than  planned 
costs.  On  the  basis  of  a  cost  estimate  too  many  de¬ 
cisions  are  made  which  cannot  be  undone  when  the  cost 
estimate  is  proven  wrong.  One  of  the  most  grievous 
problems  with  software  cost  estimates  is  that  it  is 
often  difficult  to  determine,  until  very  late  in  the 
development  process,  just  how  wrong  they  are  [Ref  10:9]. 

Software  cost  estimation  is  best  accomplished  through 

an  iterative  process.  As  the  program  advances  in  time  and 

detail  (i.e.,  system  requirements  are  defined,  alternatives 

are  studied  and  a  feasible  approach  is  developed),  additional 

and  more  definitive  information  becomes  available  which  can 

be  utilized  in  obtaining  realistic  cost  estimates.  The 

» 

process  of  estimating  software  development  resource  and 
time  requirements  is  a  complex  task  requiring  in-depth 
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knowledge  of  each  program.  Cost  estimates  may  be  prepared 
at  any  point  in  the  acquisition  cycle,  but  it  is  important 
to  have  an  estimate  at  the  major  decision  points: 

1)  Program  Decision  (between  Conceptual  and  Validation 

Phases) 

2)  Ratification  Decision  (between  Validation  and  Full- 

Scale  Development  Phases) 

3)  Production  Decision  (between  Full-Scale  Development 

and  Production  Phases) 

Many  studies  and  analyses  have  been  conducted  in  an 

effort  to  determine  what  factors  impact  software  development 

schedules  and  costs.  The  following  is  a  brief  summary  of 

some  of  the  major  factors  thought  to  impact  the  software 

development  process,  including  both  cost  and  schedule.  The 

complexity  of  the  software  being  developed  is  one  of  the  most 

important  factors  effecting  cost  and  schedule.  Complexity 

has  a  direct  correlation  to  programmer  productivity  (measured 

in  output  per  unit  of  time) .  Programmer  productivity  varies 

significantly  with  the  type  of  development  job.  Because  the 

relationship  between  programmer  productivity  and  complexity 

varies  due  to  the  creative  nature  of  the  task,  the  attributes 

of  the  software  problem,  unique  individual  differences,  and 

the  variability  of  terms  in  measuring  output,  the  measurement 

remains  largely  a  subjective  assessment.  Basically,  the 

derivation  of  a  software  complexity  index  involves  the  deter- 

» 

mination  of  the  applications  characteristics.  Some  complex 


applications  may  involve  innovative  or  high  risk  technology  (Ref  21:36). 


One  recent  study  concluded  that: 

1)  embedded  system  productivity  rates  for  avionics 
software  were  lower  for  onboard  flight  programs  than  for 
automatic  test  equipment  or  related  simulators; 

2)  command  and  control  software  could  expect  a  40 
percent  decrease  in  normal  productivity  because  of  the  com¬ 
plexity  in  programming  real-time  requirements; 

3)  business  applications  show  the  highest  levels  of 
productivity ; 

4)  scientific  applications  should  use  lower  productivity 
rates  because  of  the  use  of  complex  computational  algorithms 
(Ref  25). 

Another  important  factor  effecting  the  cost  of  soft¬ 
ware  is  the  size  of  the  development  effort.  Estimating  the 
size  of  software  programs  has  proven  the  greatest  source  of 
error  in  analyses  to  project  resource  requirements  of  soft¬ 
ware  development.  Use  has  been  made  of  both  object  instruc¬ 
tions  (output  of  the  compiler)  and  source  instructions  (output 
of  the  programmer)  for  measurement  of  program  size.  Estimates 
are  generally  given  in  object  instructions.  The  rapid  expansion 
in  the  use  of  High  Order  Languages  (HOL)  has  complicated  efforts 
in  developing  adequate  cost  relationships  for  software  size. 

The  estimated  number  of  instructions  used  may  include  software 
that  must  be  developed  but  not  delivered  (especially  true  for 
embedded  systems  support  software) .  It  is  commonly  accepted 
that  the  size  of  the  software,  however  measured,  is  related 
linearly  to  cost  (Ref  25:39). 
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The  types  of  requirements  specified  for  the  system  can 
impact  the  allocation  of  resources  to  the  development  project. 
The  completeness,  complexity,  and  compatibility  of  performance 
requirements  will  have  a  direct  effect  on  development  costs 
and  schedules.  Special  display  equipment,  real-time  opera¬ 
tions  with  critical  response  times  CPU  memory  size  and  time 
constraints,  and  concurrent  development  of  software  and  hard¬ 
ware  components  have  all  been  shown  to  reduce  productivity. 

The  quality  of  performance  requirements  specifications  can 
impact  the  development  process.  Too  little  detail  allows 
for  ambiguities  in  interpretation,  while  highly  detailed  per¬ 
formance  requirements  will  invariably  include  some  specifica¬ 
tion  of  design  ultimately  limiting  development  alternatives. 

Documentation  requirements  for  a  system  acquisition 
can  be  very  costly.  The  cost  of  documentation  can  include 
not  only  that  relating  to  the  specific  design  approach,  but 
also  that  relating  to  configuration  management,  program 
control,  and  technical  progress  documentation.  A  recent 
Government/ Industry  Software  Sizing  and  Costing  Workshop 
indicated  that  documentation  costs  approximately  10  percent 
of  the  total  software  development  or  $35-$100  per  page, 
depending  upon  the  amount  and  complexity  of  the  analysis 
required  in  document  production  (Ref  2). 

Software  quality  attributes,  which  relate  to  the  products 
required  capabilities  and  performance  characteristics,  can  have 

t 

a  direct  effect  on  project  cost  and  schedule.  Quality  attri¬ 
butes  such  as  maintainability  and  reliability  are  normally 
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specified  for  embedded  systems  in  terms  of  performance 
requirements.  Conflicting  attributes  such  as  modularity 
and  efficiency  can  cause  a  requirement  for  less  than  optimum 
design  decisions.  While  the  effect  of  quality  requirements 
may  be  an  increase  in  development  costs,  they  may  ultimately 
lower  the  cost  of  maintenance  and  support  activities.  These 
types  of  quality  requirements  have  proven  difficult  to 
quantify  in  the  current  state  of  software  technology  (Ref  25:42). 

The  software  development  schedule,  or  total  amount  of 
calendar  time  allocated  to  the  project,  has  a  significant 
impact  on  costs.  Generally,  the  development  schedule  is  a 
fixed  constant.  Because  the  development  tasks  are  largely 
sequential  in  nature,  they  cannot  arbitrarily  be  compressed 
or  reorganized  within  the  allocated  schedule.  Therefore,  the 
number  and  sequence  of  tasks  to  be  performed  in  a  given  time 
period  will  indicate  the  manpower  required.  There  appears  to 
be  a  definite  relationship  between  program  size  and  development 
time.  Management  cannot  diminish  the  development  time  of  a 
system  without  increasing  the  difficulty.  An  optimum  man¬ 
loading  appears  to  exist,  loading  above  or  below  which  will 
negatively  impact  costs  and  schedules.  The  manner  of  allo¬ 
cation  to  specific  activities  is  also  important.  Too  little 
time  and  effort  spent  in  analysis  and  design  will  have 
enormous  impact  on  eventual  costs  to  correct  design  deficien¬ 
cies.  As  development  progresses,  it  becomes  more  and  more 

> 

costly  to  resolve  design  errors. 

Software  development  projects  do  not  always  involve  the 
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generation  of  an  entirely  new  code  but  utilize  some  portion 
of  the  existing  code  which  must  be  transferred  or  retrofitted. 
Costing  software  retrofits  must  include  analysis  of  the 
existing  system,  decomposition  of  the  retrofit  requirements 
and  estimation  of  the  costs  of  modifying  the  existing  programs 
to  interface  with  new  software.  Transferring  an  operational 
software  system  to  new  equipment  can  also  require  detailed 
analysis  of  the  software  in  light  of  equipment  operational 
differences . 

Software  development  requires  personnel  who  possess 
both  analytical  as  well  as  creative  skills  in  solving  complex 
problems.  Cost  estimation  usually  involves  the  derivation  of 
a  productivity  figure  per  manpower  unit  for  a  person  with  an 
average  skill  level.  The  costs  added  to  a  late  project  by 
adding  additional  manpower  may  be  more  than  those  incurred  by 
the  additional  manpower  cost.  There  may  also  be  further 
costs  resulting  from  the  additional  training  and  coordination 
required.  Some  development  projects  have  shown  that  the  in¬ 
creased  complexity  in  the  development  process  caused  by 
additional  manpower  have  caused  the  project  to  fall  further 
behind  schedule.  As  much  as  20  percent  of  any  manpower 
requirement  for  a  particular  project  may  be  utilized  in  sup¬ 
port  activities  not  directly  related  to  the  production  of 
code.  Recent  studies  have  shown  variations  in  productivity 

rates  for  experienced  programmers  of  10  to  1.  The  use  of 

» 

application- suitable  HOLs  can  have  an  impact  on  productivity 
averages.  Programmer  productivity  increases  by  as  much  as 


a  factor  of  five  have  been  experienced  with  the  use  of  a 
HOL  (Ref  27 : 46) . 


The  vast  majority  of  software  cost  estimates  are  derived 
from  the  basic  sizing  parameter  of  estimated  number  of  in¬ 
structions,  derived  using  historical  experience  or  engineer¬ 
ing  judgment  and  then  applying  various  other  factors  to  this 
parameter  to  determine  cost.  Variations  of  this  approach  go 
from  simple  "rules  of  thumb"  to  complex  mathematical  models. 

It  is  not  surprising  that  the  factors  that  affect  software 
costs  are  complex  and  their  quantification  difficult.  In 
order  to  arrive  at  an  accurate  cost  estimate,  it  is  necessary 
to  take  some  or  all  of  these  factors  into  consideration. 

RCA  PRICE  Software  Model 

A  number  of  cost  estimating  techniques  are  used  within 
the  software  industry  today.  One  of  the  largest  and  fastest 
growing  techniques  being  used  is  parametric  modeling. 

The  parametric  models  for  estimating  the  cost  of  software 
development  consist  of  an  equation,  or  group  of  equations, 
which  express  a  quantifiable  relationship  of  a  software 
project's  cost  to  a  number  of  cost  variables.  Derivation 
of  the  relationship  of  the  cost  to  the  variables  is  dependent 
upon  analysis  of  historical  and  project  variables.  Based 
upon  the  quantified  cost/cost  variable  relationships,  new 
system  estimates  can  be  made  by  estimating  the  cost  vari¬ 
ables  for  the  new  system  and  inserting  these  values  into  the 
parametric  model.  The  major  advantages  of  parametric  models 


is  tnat  they  are  often  computerized  and  require  little  or  no 
software  development  experience  for  the  user. 

The  RCA  PRICE  S  (Programmed  Review  of  Information  for 
Costing  and  Evaluation)  software  model  is  one  of  the  most 
promising  of  the  parametric  cost  estimation  models  being 
used  today.  A  number  of  the  major  U.S.  corporations  and  DOD 
agencies  involved  in  software  development  are  presently  using 
the  model  with  good  success.  The  model  includes  capabilities 
for  calculating  estimates  for  all  programming  applications 
including  management  data  systems,  command,  control  and 
communications,  and  embedded  avionics.  PRICE  S  provides  for: 
interactive  operational  capability;  an  efficient  problem 
description  methodology  using  a  small  set  of  input  factors; 
an  internal  self -checking  mechanism  for  input  data  consistency; 
and  a  flexible  feature  allowing  the  user  to  tailor  the  model 
to  organizational  operating  methods.  The  following  PRICE  S 
system  description  is  extracted  from  course  materials  pro¬ 
vided  to  the  researcher  during  attendance  at  the  RCA  PRICE  S 
training  session  conducted  at  Cherry  Hill,  New  Jersey, 

25-28  June  1979  (Ref  32) . 

Overview.  System  peripheral  hardware  configurations, 

system  processor  utilization  factors,  reliability  requirements, 

economic  factors  and  programming  resource  characteristics  are 

incorporated  as  model  inputs  (Figure  5) .  The  model  provides 

standard  cost  and  schedule  estimates  (Figure  6) ,  as  well  as 

» 

sensitivity  analysis  capabilities  (Figure  7) .  Estimates  are 
based  on  project  size,  type,  complexity,  and  can  incorporate 


scheduling  constraints  when  necessary.  Cost  summaries  and  re¬ 
source  expenditure  profiles  (Figures  8  and  9)  are  provided  for 
each  of  the  three  major  life  cycle  phases  (Design,  Implemen¬ 
tation,  Testing)  for  each  of  five  cost  categories  (System 
Engineering,  Programming,  Configuration  Control,  Documenta¬ 
tion,  Program  Management) (Figure  10).  In  cases  where  a  user 
specified  schedule  is  input,  the  system  will  compare  this  data 
with  a  typical  industry  schedule  and  provide  appropriate  cost 
adjustments  for  acceleration  or  stretch-out  (Figure  11) . 

The  PRICE-S  system  has  three  modes  of  operation:  the 
Normal  mode,  the  ECIRP  mode,  and  the  Design- to-Cost  mode. 

The  Normal  mode  is  used  to  calculate  costs  directly  from  user 
inputs.  The  ECIRP  mode  allows  the  calculation  of  PRICE-S 
empirical  factors  from  historical  data  by  running  the  model 
essentially  in  reverse.  If  specific  project  data  are  input, 
the  Design- to-Cost  mode  will  allow  the  user  to  investigate 
the  scope  of  possible  alternative  programs.  The  PRICE-S 
system  involves,  then,  the  evaluation  of  new  requirements 
based  on  historical  information  through  a  few  variables  which 
can  be  adjusted  for  technological,  economic,  and  organizational 
differences. 

System  Parameters.  Th^e  PRICE-S  system  has  been  designed 
so  that  it  can  be  operated  with  a  small  number  of  variable  in¬ 
put  parameters.  The  following  discussion  provides  a  descrip¬ 
tion  of  the  key  variables  of  the  model  (Ref  32:Part  IV,  1-50). 

f 

Application  (APPL)  is  a  single  variable  which,  in  effect, 
provides  a  measure  of  the  program  instruction  mix.  APPL 
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Fig  5.  PRICE-S  Model  Input  Form  (Ref  32) 
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PRICE-S  Model  Cost  Expenditure  Summary  Output  (Ref  32) 
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values  can  vary  from  .5  to  11.0,  with  lower  values  describing 
the  rather  simplistic  programming  functions  of  mathematical 
operations,  and  larger  values  for  the  more  complex  require¬ 
ments  such  as  interactive  (man/machine)  interfaces.  Table  I 
provides  a  brief  description  of  the  various  application  types 
and  appropriate  APPL  values.  The  actual  proportion  of 
instructions  in  each  application  category  can  be  entered  via 
the  MIX  input  and  the  model  will  calculate  an  appropriate 
(weighted  sum)  value  for  APPL.  APPL  represents  inherent 
project  complexity  independent  of  variations  in  other  para¬ 
meters.  APPL  values  are  cross-checked  by  the  model  with 
respect  to  the  configuration  of  equipment  provided. 

Device  types  (TYPES)  indicates  the  number  of  types  of 
input/output  equipments  required  for  system  operation.  The 
quantities  of  input/output  devices  of  the  various  types 
specified  (DAT-data  storage  and  retrieval,  ONL-on-line 
communications,  REA- real  time  command  and  control,  INT- 
interactive  operations)  are  entered  as  the  Quantity  (QTY) 
parameters.  Inconsistencies  during  cross-checking  will 
cause  error  notification  to  the  user. 

The  cost  escalation  factor  (ESC)  can  be  used  to  reflect 
the  expected  economic  inflation  rate.  The  inflation  factor 
is  applied  in  accordance  with  the  project  schedule  informa¬ 
tion.  The  model  also  contains  an  internal  table  of  projected 

yearly  inflation  rates  which  can  be  selected. 

* 

The  Function  (FUNCT)  and  Level  (LEVEL)  variables  are 
optional  inputs  which  can  be  employed  to  estimate  program  size 
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TABLE  I 


PRICE-S  Typical  Application  Values  (Ref  32) 

INSTRUCTION  MIX 


r  — t  1  . .  , 

APPLICATION 

TYPE 

WEIGHT 

IDENTIFYING  CHARACTERISTICS 

— 

OPERATING  SYSTEMS 

10.95 

TASK  MANAGEMENT.  MEMORY  MANAGE¬ 
MENT.  HEAVY  HARDWARE  INTERFACE. 

MANY  INTERACTIONS.  HIGH  RELI¬ 
ABILITY  AND  STRICT  TIMING  RE¬ 
QUIREMENTS. 

INTERACTIVE  OPERATIONS 

10.95 

MAN/MACHINE  INTERFACES.  HUMAN 
ENGINEERING  CONSIDERATIONS  AND 

ERROR  PROTECTION  VERY  IMPORTANT. 

REAL  TIME  COMMAND 

AND  COJIT ROL 

8.46 

MACHINE  TO  MACHINE  COMMUNICA- 
TIONS  UNDER  TIGHT  TIMING  CON¬ 
STRAINTS.  QUEUING  NOT  PRAC¬ 
TICABLE.  HEAVY  HARDWARE  INTER¬ 
FACE.  STRICT  PROTOCOL  REQUIRE¬ 
MENTS. 

ON-LINE  COMMUNICATIONS 

6.16 

MACHINE  TO  MACHINE  COMMUNICATIONS 
WITH  QUEUING  ALLOWED.  TIMING 
RESTRICTIONS  NOT  AS  RESTRICTIVE 

AS  KITH  REAL  TIilS  COMMAND  AND 
CONTROL. 

DATA  STORAGE  AND 
RETRIEVAL 

4.10 

OPERATION  OF  DATA  STORAGE  DEVICES.  • 
DATA  5ASE  MANAGEMENT .  SECONDARY 
STORAGE  HANDLING.  DATA  3L0CXING 

AND  DEBLOCKING.  HASHING  TECH¬ 
NIQUES.  HARDWARE  ORIENTED. 

STRING  MANIPULATION 

2.31 

ROUTINE  APPLICATIONS  WITH  NO  OVER¬ 
RIDING  CONSTRAINTS.  NOT  ORIENTED 
TOWARD  MATHEMATICS .  TYPIFIED  BY 
LANGUAGE  COMPILERS,  SORTING,  FOR¬ 
MATTING,  3UFFER  MANIPULATION,  ETC. 

MATHEMATICAL 

OPERATIONS 

.86 

ROUTINE  MATHEMATICAL  APPLICATIONS 
WITH  NO  OVERRIDING  CONSTRAINTS. 
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from  program  functional  flow  diagrams  (Figure  12) . 

The  Instruction  (INST)  parameter  is  the  total  number  of 
executable  machine- level  instructions.  PRICE  S  computes 
an  estimate  of  the  minimum  number  of  instructions  based  on 
the  system  description  provided  for  cross-check  comparison 
to  the  INST  input.  In  the  Design- to-Cost  mode,  a  system 
description  and  schedule  along  with  a  Target  Cost  (TARCST) 
are  input  and  the  total  number  of  machine- level  instructions 
is  estimated.  Typical  values  for  converting  High  Order 
Language  instruction  quantities  to  equivalent  machine-level 
instructions  are  provided  in  Table  II. 

An  Integration  variable  (INTEG)  is  used  to  describe 
the  extent  of  system- level  integration  required  when  separate 
subsystems  are  combined  into  a  total  operational  system. 

INTEG  is  required  only  when  a  separate  system- level  integra¬ 
tion  activity  is  being  modeled. 

The  Multiplier  variable  (MULT)  can  be  used  to  multiply 
all  cost  factors  by  a  specific  multiple  factor.  The  variable 
is  used  to  include  such  items  as  profit,  general  and  admini¬ 
strative  changes,  and  Research  and  Development  costs.  MULT 
can  also  be  used  to  convert  the  model  outputs  from  dollars 
to  man-months.  Individual  multipliers  are  also  available 
for  each  cost  element,  thus  providing  the  user  with  the 
capability  to  tailor  the  model  to  alternative  cost  reporting 
systems . 

< 

The  eight  elements  of  New  Code  (CODE)  and  New  Design 
(DESIGN)  are  used  to  specify  the  proportion  of  instructions 


56 


TABLE  II 


PRICE-S  Typical  HOL  Instruction 


Conversion  Values  (Ref  32) 


Language 


Conversion  Ratio  From 
Higher  Order  Language  To 
Machine  Level  Language 


COBOL 

FORTRAN 

JOVIAL 

PL1 

ATLAS 

MICRO- Code 

ALGOL 

UNIX-C 

APL 

PRIDE 

FLOD 

IFAM 

CMS  II 

ASSEMBLY 


3  to  1 
5.5  to  1 

4  to  1 
9  to  1 

5  to  1,  12-15  to  1 
due  to  different  versions 
of  ATLAS 

3  to  1 

10  to  1 

3  to  1 

15  to  1 

5  to  1 
10  to  1 
13  to  1 

2.8  to  1 
1  to  1 


COMPASS 
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in  each  application  class  that  requires  new  coding  and  new 
design  effort  respectively.  The  remaining  proportions  of 
CODE  and  DESIGN  which  are  unspecified  are  assumed  to  already 
exist.  The  PRICE-S  model  will  automatically  estimate  the 
amount  of  effort  required  to  adapt  existing  design  and  code 
to  the  total  software  development. 

Platform  (PLTFM)  is  a  variables  which  relates  the 
system  being  developed  to  the  specifications  which  must  be 
met.  PLTFM  is  a  measure  of  the  transportability,  reliability, 
testing,  and  documentation  required  by  contractual  performance 
requirements.  PLTFM  relates  the  cost  of  software  development 
to  the  requirements  of  the  environment  in  which  the  software 
must  operate.  Table  III  contains  a  list  of  typical  PLTFM  values. 

The  Resource  variable  (RESO)  is  used  to  incorporate  the 
effects  of  skill  level,  experience,  productivity,  efficiency, 
overhead,  and  labor  rates  for  individual  organizations  on 
software  development  costs.  This  variable  relates  the  scope 
of  the  work  to  the  group  doing  the  work.  RESO  values  can 
range  from  2.0  to  6.0,  but  normally  center  around  a  value  of 
3.5.  RESO  tends  to  remain  essentially  constant  within  a 
particular  organization  for  a  given  class  of  projects.  When 
known  historical  project  costs  are  specified  (TARCST) ,  and 
the  model  is  run  in  a  reverse  (ECIRP)  mode,  RESO  values  are 
calculated  consistent  with  the  project  description  provided. 

Complexity  (CPLX)  is  a  schedule  related  variable  which 
relates  the  relative  difficulty  of  the  programming  task  to 
the  normal  time  required  for  its  accomplishment.  This 
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TABLE  III 


PRICE-S  Typical  PLATFORM  Values 
(Adapted  from  Ref  32) 


Operating  Environment  PLTFM 

Production  Center-- Internally  Developed  Software  0.8 
Production  Center- -Contracted  Software  1.0 
Military  Mobile  (Van  or  Shipboard)  1.4 
Commercial  Avionics  1.7 
MIL- Spec  Avionics  1.8 
Unmanned  Space  2 . 0 
Manned  Space  2.5 
Military  Ground  1.2 


variable  identifies  complicating  or  simplifying  factors  which 
may  be  applicable  to  the  project.  The  CPLX  value  starts  with 
a  base  value  of  1  and  is  adjusted  up  or  down,  based  on  the 
typical  values  provided  in  Table  IV.  If  in  normal  operation 
CPLX  and  DSTART  (date  design  effort  starts)  are  specified, 
the  model  will  generate  a  typical  project  schedule.  If  addi¬ 
tional  schedule  data  are  input  by  the  user,  the  model  will 
compare  the  additional  dates  with  the  typical  schedule  and 
compute  cost  penalties  associated  with  acceleration,  stretch¬ 
out,  or  overlap  deviations. 

UTIL  (Utilization)  is  a  parameter  which  identifies  the 
fraction  of  available  hardware  processor  speed  and  memory 
capacity  that  is  used.  UTIL  is  a  sensitive  cost  and  schedule 
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TABLE  IV 


PRICE-S  Typical  COMPLEXITY  Values 
(Ref  32) 


Typical  Complexity  Adjustments 

Personnel 

ACPLX 

Outstanding  crew,  among  best  in  industry 

-.2 

Extensive  experience,  some  top  talent 

-.1 

Normal  crew,  experienced 

0 

Mixed  experience,  some  new  hires 

+  .1 

Relatively  inexperienced,  many  new  hires 

+  .2 

Product  Familiarity 

Old  hat,  redo  of  previous  work 

-.2 

Familiar  type  df  project 

-.1 

Normal  new  project,  normal  line  of  business 

0 

New  line  of  business 

+  .2 

Complicating  Factors 

New  hardware 

+  .1 

New  language 

+  .1 

More  than  one  location/organization 

+  .2 

Hardware  developed  in  parallel 

+  .3 

Many  changing  requirements 

+  .3 

State-of-art  advancement 

+.4  to  +.6 

variable  for  values  in  excess  of  0.75.  This  factor  reflects 
the  demand  on  software  and  programmers  to  adapt  to  the  speed 
and  memory  constraints  of  hardware  limitations. 

The  YEAR  variable  is  used  to  establish  a  calendar 
reference  for  the  model  in  initializing  appropriate  economic 
factors.  By  changing  YEAR,  the  user  can  orient  the  model  to 
any  period  of  time  desired. 

The  PRICE  Software  Model  (PRICE-S)  allows  engineers, 
managers,  and  cost  estimators  to  obtain  assessments  of  man¬ 
power,  schedule  and  budget  requirements  for  computer  software 
development.  The  model  provides  procedures  to  enable  project 
description  with  a  small  set  of  cost  drivers,  and  to  permit 
calibration  for  individual  organizations.  The  availability 
on  commercial  time-sharing  systems  provides  for  alternative 
evaluations  with  turn-around  times  of  as  little  as  five  minutes. 
Although  the  PRICE-S  model,  which  is  depicted  in  Figure  13, 
has  been  designed  so  that  it  can  be  operated  effectively  with 
very  little  available  information,  it  also  provides  consider¬ 
able  flexibility  for  more  detailed  studies  which  explore  the 
effects  of  other  related  factors  on  software  costs. 

The  first  two  chapters  have  provided  a  discussion  of 
the  Air  Force  computer  resource  acquisition  and  management 
policies  and  procedures.  An  overview  of  software  cost-related 
>  factors  and  the  RCA  PRICE-S  software  cost  estimation  model  was 

provided  to  establish  a  baseline  for  the  analysis  to  follow. 

In  the  next  two  chapters  an  overview  of  the  historical  data  bases 
will  be  provided  with  a  detailed  analysis  of  the  research  results. 

k 
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III .  Research  Methodology 

The  purpose  of  this  research  is  twofold.  First,  it  is 
an  effort  to  provide  those  involved  in  the  management  of  soft¬ 
ware  development  projects  and,  in  particular,  those  involved 
with  software  cost  estimation  and  economic  analysis  with  a 
basic  understanding  of  the  management  process  as  it  is  pre¬ 
sently  practiced.  Second,  this  research  was  conducted  to 
determine  the  feasibility  of  implementing  a  common  software 
cost  estimation  methodology,  such  as  the  RCA  Price-S  system, 
across  all  facets  of  Air  Force  software  acquisition. 

Data  Collection 

The  data  collection  consisted  of  a  literature  search, 
combined  with  personal  interviews  relating  to  software 
development  techniques  and  estimated  and  actual  costs. 

Collection  Technique.  Interviews  were  conducted  with 
management  and  staff  personnel  at  several  Air  Force  commands 
and  agencies  to  obtain  applicable  data,  to  discuss  experi¬ 
ences  in  estimating  development  costs,  and  to  identify  other 
sources -of  data.  Among  the  agencies  interviewed  were  the 
following : 

AF  Aeronautical  Systems  Division,  Wright-Patterson  AFB,  Ohio 
AF  Data  Systems  Design  Center,  Gunter  AFS,  Alabama 
AF  Electronic  Systems  Division,  Hanscom  AFB,  Massachusetts 
Air  University,  Maxwell  AFB,  Alabama 
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HQ  USAF  Logistics  Command,  Wright- Patterson  AFB,  Ohio 
RCA  Corporation,  Cherry  Hill,  New  Jersey 
These  interviews  were  accomplished  through  personal  visits  and 
by  telephone.  The  interviews  were  conducted  to  obtain  the 
quantitative  data  necessary  to  manipulate  the  model.  From 
the  commencement  of  the  study  effort,  it  was  recognized  that 
problems  would  be  encountered  with  the  collection  of  detailed 
historical  data. 

The  time  constraints  and  limited  data  availability  for 
this  study  effort  did  not  allow  for  the  evaluation  of  a  large 
number  of  historical  projects  or  for  extensive  data  analysis. 
Therefore,  all  conclusions,  recommendations  and  observations 
contained  in  the  study  should  be  viewed  keeping  in  mind  the 
limited  number  of  projects  which  have  been  studied.  Since 
the  limited  number  of  systems  analyzed  do  not  constitute  an 
adequate  sample,  no  statistical  analysis  was  applied  to  the 
results.  Statistical  indices  could  be  misleading  because  of 
the  limited  sample  size,  therefore,  any  comparisons  were  made 
by  using  direct  observations  or  percentage  differences. 

The  accuracy  and  completeness  of  the  input  data  varied 
widely  from  project  to  project.  This  accuracy  and  complete¬ 
ness  must  be  considered  when  evaluating  the  results  produced 
by  the  study  effort. 

Data  Required.  This  study  describes  the  effort  on  the 
part  of  the  researcher  to  validate  and  calibrate  the  Price-S 
model  for  the  gamut  of  Air  Force  software,  including  avionics, 
command  and  control  and  management  data  systems.  The  basic 
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problem  was  the  identification  of  the  "calibrated"  values  of 
the  subjective  model  input  parameters  required  to  obtain  an 
accurate  estimate  of  project  cost.  It  is  hoped  that  this 
effort  will  provide  assistance  to  future  analysts,  who  may 
use  the  model. 

The  approach  used  by  the  researcher  was  to  identify, 
through  the  interview  process  described,  software  development 
projects  in  each  of  the  critical  areas  for  which  adequate 
historical  cost  information  existed.  Data  relating  to  che 
input  parameters  for  the  PRICE-S  model  was  collected  for  each 
of  the  identified  systems.  Utilizing  the  input  data  obtained 
for  each  of  the  software  systems,  outputs  from  the  PRICE-S 
model  were  obtained  for  comparison  with  the  historical  cost 
data  gathered  during  the  interview  process. 

Collection  Categories.  Most  management  data  system 
applications  for  the  Air  Force  are  implemented  under  the 
control  of  the  Air  Force  Data  Systems  Design  Center  (AFDSDC) . 
The  primary  language  used  is  COBOL.  The  formalized  procedure 
for  the  development  of  these  systems,  which  are  usually  accom 
plished  by  Air  Force  personnel,  were  described  in  Chapter  II- 
General  Purpose  Systems.  Time  and  memory  efficiency  require¬ 
ments  for  these  systems  are  seldom  severe  and  the  systems  are 
usually  characterized  by  a  high  degree  of  I/O  relative  to 
computation.  A  majority  of  the  management  data  systems  are 

based  on  transaction-oriented  processing  to  update  files. 

< 

Because  of  this  relatively  simplistic  programming  environment 
productivity  is  normally  very  high  for  these  systems.  These 


management  data  system  applications  on  a  cost-per-source  line 
basis  are  usually  less  costly  than  non-business  applications, 
since  these  applications  are  normally  much  less  complicated 
than  other  applications  such  as  command  and  control  and 
avionics  (Ref  21:80). 

Most  Air  Force  command  and  control  systems  are  acquired 
under  the  direction  of  the  Electronic  Systems  Division  (ESD) 
of  the  Air  Force  Systems  Command.  The  formalized  procedures 
for  the  development  of  these  systems  (usually  contractor 
developed)  was  also  described  in  Chapter  II --Embedded  Systems. 
Most  of  this  software  is  targeted  for  either  large  mainframes 
or  ground-based  mobile  minicomputer  systems.  The  standard 
language  used  in  these  applications  is  JOVIAL.  There  are  a 
number  of  diverse  functions  of  software  involved  in  command 
and  control  applications  such  as  data  base  management,  infor¬ 
mation  retrieval  and  display  generation.  Analysis  of  overall 
command  and  control  applications  indicate  that  productivity 
was  less  as  compared  to  the  other  applications  because  of  the 
usually  larger  size  of  the  systems  (Ref  21:82). 

Avionics  software  is  generally  divided  into  three  cate¬ 
gories:  on-board  flight  programs,  simulation,  and  Automatic 
Test  Equipment.  Air  Force  avionics  systems  are  generally 
acquired  by  the  Avionics  Systems  Division  (ASD)  of  the  AF 
Systems  Command  in  accordance  with  the  embedded  systems 
policies  and  procedures  described  in  Chapter  II.  Operational 

f 

flight  programs  usually  have  to  operate  in  real-time,  quick 
response,  memory-constrained  environments,  which  has  the 
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impact  of  lowering  development  productivity.  In  addition, 

OFPs  usually  require  a  great  amount  of  testing  in  as  much  as 
a  number  of  them  are  life  critical;  this  too  leads  to  de¬ 
creased  productivity  as  compared  with  other  types  of  applica¬ 
tions.  There  is  currently  a  low  degree  of  HOL  implementation 
for  OFPs  as  compared  with  simulation  and  ATE,  however,  the  trend 
is  toward  increased  utilization  of  HOLs,  which  should  increase 
productivity  for  this  type  application  (Ref  21:83). 


Data  Base  Description 

Data  was  gathered  on  18  Air  Force  software  development 
projects  in  sufficient  detail  to  identify  values  for  the 
various  PRICE-S  input  parameters.  These  18  systems  consisted 
of  6  management  data  systems  (2  each  from  AFDSDC ,  HQUSAFLC, 
and  Air  University) ,  9  command  and  control  systems  (3  from 
ESD  and  6  from  a  September  1979  AFIT  thesis  [Ref  12]  done  by 
Captain  Cooper,  and  3  avionics  systems  (from  the  ASD  Avionics 
laboratory).  Data  ranged  from  very  complete  system  des¬ 
criptions  for  the  avionics  and  command  and  control  systems 
to  less  detailed,  more  general  overall  descriptions  for  the 
management  data  systems.  Developmental  time  frames  ranged 
from  as  early  as  1972  up  to  and  including  the  present. 

System  Descriptions.  No  attempt  will  be  made  by  the 
researcher  to  identify  specific  systems  by  name.  What  is 
provided  in  the  following  descriptions  is  a  brief  overview 
of  each  of  the  systems  studi'ed.  This  effort  is  intended  only 


to  give  the  reader  some  insight  to  the  various  applications 
so  that  future  users  of  the  PRICE-S  system  might  obtain 

a  feel  for  the  model  parameters  as  they  relate  to  specific 
applications . 

The  first  of  the  ESD  command  and  control  systems  is  a 
large  ground-based  radar  system  which  will  be  operated  by 
Air  Force  personnel  to  provide  warning  of  a  ballistic  missile 
attack  against  the  U.S.  The  second  ESD  system  provides  for 
maintenance  and  upgrade  of  an  air  defense  system  to  provide 
for  additional  communications  links,  and  improved  communica¬ 
tions,  command,  and  weapons  control.  The  third  ESD  system 
is  a  tactical  mobile  communications  system  which  will  provide 
automated  assessment  of  communications  channels  and  identifi¬ 
cation  of  corrective  action  in  case  of  malfunctions. 

The  first  of  the  Cooper  Survey  systems  involved  the 
acquisition  of  a  large-scale  command  and  control  system 
including  the  software  for  operations,  displays  and  control 
of  a  modularly  integrated,  world-wide  operation.  System 
number  two  involved  upgrading  the  capabilities  of  a  large- 
scale,  long-range  radar  system.  Third  was  a  program  to 
develop  an  interface  capability  between  operations  and  intelli¬ 
gence  systems  to  provide  for  real-time  integration  of  intelli¬ 
gence  data  in  support  of  air  battle  management  functions.  The 
fourth  of  these  systems  is  an  intelligence  threat  detection/ 
classification  system  which  involves  real-time  processing  of 
surveillance  data.  System  five  involved  the  development  of 
a  communications  processing  system  with  satellite,  radio  and 
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ground  capabilities,  all  operating  under  the  control  of  a 
central  computer  facility.  The  final  of  the  Cooper  Survey 
systems  was  a  program  for  development  of  an  integrated  command¬ 
wide  digital  record  communications  system  for  command  and 
control  support  requirements.  All  of  the  command  and  control 
systems  were  developed  by  contractor  personnel  with  guidance 
by  typical  Air  Force  management  activities. 

The  management  data  systems  include  first  a  system  which 
provides  the  capability  to  develop,  tailor,  and  communicate 
operations  plans.  The  system  includes  modules  which  provide 
transaction  update  and  modification  capabilities  for  manpower, 
logistics  and  operations.  The  second  of  the  management  data 
systems  is  an  automated  system  for  the  collection,  recording, 
and  computations  relating  to  management  engineering  data. 

The  third  in  the  area  of  management  data  systems  pro¬ 
vides  a  means  to  monitor  the  modification  status  of  selected 
commodities.  The  system  is  designed  to  provide  managers  with 
a  monthly  status  in  terms  of  units  and  manhours.  Outputs  are 
used  to  control  accumulated  backlogs,  resolve  shortages,  and 
assure  desired  configuration  improvements.  The  fourth  in  the 
line  of  management  data  applications  is  a  system  for  the 
maintenance  of  records  on  government-furnished  equipment. 

The  system  tracks  quantities  and  consumption  rates  related 
to  specific  contracts.  Item  data  related  to  reparable  inven¬ 
tory,  quantities- in-work,  production,  and  shipments  is  maintained. 

f 

The  fifth  of  the  management  data  systems  in  an  inter¬ 
active  wartime  simulation  model.  The  model  is  used  for  training 
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purposes  and  involves  planning,  selecting  and  employing  forces 
in  a  wartime  simulation  environment.  Monte  Carlo  success/ 
failure  determinations  for  specific  events  are  used  throughout 
the  model.  The  final  management  data  system  is  an  interactive 
maintenance  management  simulation.  The  system  is  used  to 
access  skills  in  managing  manpower  and  resources  to  obtain 
increased  efficiency.  All  management  data  systems  contained 
in  the  study  were  developed  in-house  by  Air  Force  programming 
personnel . 

Finally,  the  three  avionics  systems  include  two  con¬ 
tractor  developed  and  one  in-house  developed  systems.  The 
first  of  the  avionics  systems  involved  the  conversion  of  an 
existing  inertial  navigation  software  system  to  an  updated 
computer  system.  The  conversion  effort  involved  the  alignment 
and  navigational  algorithm  portions  of  the  software.  The 
second  avionics  system  application  was  the  development  of  an 
inertial  navigation  system  simulator.  The  program  involves 
the  solution  of  differential  equations,  the  initialization 
of  matrix  calculations,  and  the  plotting  of  results.  The 
final  avionics  system  consisted  of  development  of  software 
for  an  airborne  electronic  radar  system.  Processing  includes 
navigation  update,  antenna  pointing,  and  data  processing  for 
mapping  and  terrain  modes,  and  the  control  of  associated 
input/output  functions. 

Model  Application.  Since  the  user  can  easily  manipulate 
the  model,  erroneous  estimates  are  a  distinct  possibility. 
Because  of  this,  a  procedure  was  adopted  whereby  specific 
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parameter  values  were  logically  and  sequentially  introduced. 
First,  all  model  input  files  were  built  from  the  system  des¬ 
criptions  provided  in  each  of  the  four  data  bases:  ASD- 
avionics,  ESD-command  and  control,  Cooper  Survey -command  and 
control,  and  AFDSDC/AFLC/AU-management  data  systems.  All  of 
the  PRICE  -S  model  input  forms  are  contained  in  Appendix  A  of 
this  report. 

Files  were  built  and  checked  with  the  Editor  Function 
of  the  PRICE -S  model.  One  software  system  from  each  of  the 
four  data  bases  was  selected  and  run  with  nominal  values  of 
the  input  variables  and  an  unconstrained  schedule  to  obtain 
a  general  estimate  of  the  project  cost.  These  generalized 
estimates  were  compared  with  actual  historical  cost  data  to 
give  the  analyst  a  feel  for  what  the  model,  in  its  nominal 
configuration,  was  projecting  for  project  cost.  The  general 
estimate  also  gave  the  analyst  an  impression  of  what  input 
parameter  adjustments  would  be  needed  for  calibration  and 
validation  purposes.  Each  of  the  four  selected  software 
systems  was  subsequently  subjected  to  an  ECIRP  or  calibration 
run  of  the  model  to  determine  the  organizationally-oriented 
values  for  the  RESO  variable. 

Subsequent  model  cost  projection  runs  were  made  for 
each  of  the  software  systems  in  each  of  the  four  data  bases. 
In  each  of  the  subsequent  runs,  the  historical  schedule  data 
*.as  input  along  with  the  appropriate  values  of  the  complexity 
variable  (obtained  from  analysis  of  system  descriptions)  and 
-*  -ource  (obtained  from  the  calibration  exercise).  The 
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initial  run  for  each  system  was  accomplished  using  the  model 
SHORT  option,  which  significantly  reduces  the  volume  of  printed 
output.  Results  of  these  initial  runs  were  checked  for 
reasonableness  and  compared  to  previous  results  to  determine 
any  areas  of  significant  differences. 

After  the  analyst  was  convinced  that  no  significant 
disparities  existed  in  the  estimates  obtained,  the  model  was 
rerun  for  each  of  the  software  systems  in  the  data  bases 
choosing  the  Sensitivity  and  SCHEDULE  model  options.  The 
additional  information  provided  by  this  run  was  used  by  the 
analyst  in  assessing  the  variations  in  predicted  costs  due  to 
changes  in  the  input  variables,  as  well  as  the  effects  of  the 
imposed  schedules.  Analysis  of  the  four  data  bases  were  con¬ 
ducted  and  are  presented  in  Chapter  IV.  A  complete  set  of 
model  cost  estimate  outputs  are  provided  in  Appendix  B  of  this 
report. 

To  evaluate  the  model  sensitivity  to  general  variations 
in  the  input  parameters,  an  exercise  was  conducted  to  compare 
generalized  variations  of  each  of  the  major  variables  on 
ultimate  project  cost.  The  results  of  this  analysis  are  pre¬ 
sented  in  Appendix  C. 

The  procedure  just  described  was  followed  to  insure 
the  analyst  that  all  appropriate  input  data  was  captured  and 
that  parameter  values  were  known  prior  to  conducting  compari¬ 
sons  between  runs  or  when  analyzing  predicted  costs  or 
investigating  discrepancies. 

The  following  chapter  will  provide  a  comprehensive 
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analysis  of  the  study  results.  Each  software  development 
will  be  analyzed  in  detail  on  its  own  and  in  conjunction  with 
results  of  similar  development  efforts. 
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IV.  Analysis  and  Results 

The  Problem 

The  purpose  of  this  research  was  to  examine,  through 
an  analysis  of  historical  data  on  previous  Air  Force  software 
development  projects,  the  adequacy  of  the  RCA  PRICE-S  cost 
estimation  model  to  predict  accurately  costs  for  both 
embedded  (e.g.  avionics,  command  and  control)  and  general 
purpose  (management  data)  systems.  The  examination  was 
specifically  limited  to  the  area  of  software  cost  estimation, 
and  no  effort  was  made  to  include  computer  hardware  costs  in 
the  analysis.  While  a  complete  economic  analysis  for  an 
automated  system  would,  of  necessity,  have  to  include  both 
the  software  costs  and  hardware  costs  (which  could  be  sub¬ 
stantial  in  a  multi- site/multi-weapon  system),  the  major 
problem  area  in  past  efforts  has  been  in  accurately  predicting 
software  development  cost  and  schedule. 

The  objective  of  the  introductory  chapter  was  to  pro¬ 
vide  an  understanding  of  the  basic  DOD/Air  Force  computer 
system  acquisition  processes.  Chapter  II  provided  a  back¬ 
ground  in  the  management  techniques  used  for  Air  Force 
embedded  and  general  purpose  software  system  developments. 
Factors  effecting  software  cost  and  the  PRICE-S  model  philo¬ 
sophy  and  operation  have  been  described  in  preparation  for 
the  following  analysis. 
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Data  Analysis 

Each  of  the  18  systems  in  the  four  data  bases  (ASD, 

ESD,  Cooper  Survey,  AFDSDC)  for  which  historical  development 
information  and  cost  data  was  collected  will  be  analyzed.  In 
each  of  the  data  bases  the  input  descriptions  collected  through 
the  data  collection  interviews  will  be  presented  and  discussed. 
The  PRICE-S  model  input  forms  for  each  of  the  systems  were  pre¬ 
pared  from  the  data  collected  during  the  interviews  and  are 
provided  in  Appendix  A. 

Values  of  the  quantitative  parameters  (instructions, 
platform,  mix,  schedule  data,  etc.)  were  taken  directly  from 
the  information  provided  to  the  analyst.  Values  for  the 
qualitatively  based  parameters  (resource,  complexity,  etc.) 
were  estimated  based  on  discussions  with  personnel  providing 
the  data.  Each  of  the  model  output  results  are  provided  in 
Appendix  B. 

Embedded  Avionics .  Three  avionics  systems  software 
applications  which  were  briefly  described  in  Chapter  III  were 
selected  for  analysis.  A  summary  of  the  major  input  para¬ 
meters  for  the  three  systems  is  contained  in  Table  V.  The 
total  number  of  machine  level  executable  instructions  in  each 
program  was  obtained  from  project  personnel.  The  application 
is  a  general  interpretation  of  the  type  of  coding  (see  Table  I) 
contained  in  the  system.  Development  schedule  information 
(starting  and  ending  dates)  were  provided  by  project  personnel, 
as  were  the  percent  of  central  processor  unit  (CPU)  capacity 
used  by  the  software  system.  The  environment  is  the  basic 
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operating  environment  for  the  software  and  relates  to  the 
PRICE-S  model  Platform  variable. 

Project  ASA  was  selected  for  the  model  calibration 
(ECIRP)  analysis.  Results  of  the  embedded  avionics  model 
exercise  are  summarized  in  Table  VI.  Using  the  actual  cost 
for  Project  ASA  of  $425k  and  a  complexity  (CPLX)  of  1.0, 
with  the  schedule  data  as  provided,  the  calibrated  value  of 
the  resource  (RESO)  variable  was  2.787.  Complete  detailed 
model  outputs  for  each  of  the  systems  can  be  found  in  Appen¬ 
dix  B.  RESO  values  for  the  two  remaining  projects  were 
adjusted  to  reflect  differences  in  programmer  productivity/ 
efficiency  as  assessed  by  project  personnel.  Project  B 
personnel  were  less  experienced  while  Project  C  personnel 
were  slightly  more  experienced  in  software  coding. 

Project  A  was  considered  a  normal  new  project  (CPLX- 
1.0).  Project  B  was  input  at  CPLX-.9  because  it  was  consid¬ 
ered  a  redo  of  previous  work  (but  with  less  experienced 
personnel),  and  Project  C  at  .9  also  because  of  the  similar 
experience  level  of  the  programming  personnel.  For  Projects 
A  and  B,  which  were  done  in-house,  MULT  1.0  was  selected.  A 
12  percent  additional  cost  factor  was  included  for  Project  C 
(MULT-1.2)  as  an  adjustment  to  account  for  contractor  fees. 
Projects  A  and  C  were  designed  for  airborne  applications 
(PLTFM-1.7)  while  Project  B  was  designed  for  a  fixed  ground 
application  (PLTFM-1.0). 

i 

The  PRICE-S  model  estimated  cost  for  Project  ASA  was 
$428,000,  which  was  only  1  percent  above  the  actual  historical 
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cost.  The  model  predicted  schedule  for  Project  A  was  17 
months  as  opposed  to  the  31  months  indicated  by  the  histori¬ 
cal  schedule  information.  The  cost  penalty  for  the  schedule 
stretchout  was  approximately  $74,000.  This  schedule  differ¬ 
ence  indicated  a  possible  inefficiency  in  resource  utilization 
and  suggests  that  future  similar  projects  could  be  developed 
in  less  time.  Model  computed  values  for  Project  ASB  cost 
and  schedule  figures  for  Project  B  were  $11,000  and  2.1 
months.  Actual  cost  and  schedule  figures  for  Project  B  were 
$12,000  and  3  months.  The  sensitivity  analysis  portion  of 
the  model  output  shows  that  at  RESO-3.0  and  CPLX-1.0  the 
projected  cost  and  schedule  were  $12,000  and  3  months  respec¬ 
tively.  Model  estimated  costs  for  Project  ASC  was  $2,102,000 
with  a  21-month  predicted  schedule.  Actuals  for  Project  C 
were  $2,000,000  and  60  months.  Sensitivity  analysis  shows  a 
predicted  cost  of  $2,003,000  at  a  RESO  value  of  2.6,  which 
would  indicate  a  somewhat  more  qualified  programming  group. 

Of  major  concern  in  the  analysis  of  Project  C  was  the  dis¬ 
parity  between  actual  and  typical  schedules  (60  months  vs 
21  months).  Project  personnel  indicated  that  the  reason  for 
the  extended  software  development  schedule  was  the  requirement 
for  a  simultaneous  hardware  development. 

PRICE-S  calibrated  values  for  the  application  (APPL) 
parameter  ranged  from  a  high  of  6.5  for  the  inertial  naviga¬ 
tion  system  (Project  A)  to  a  low  of  1.4  for  the  ground-based 
simulation  system  (Project  B) .  This  data  appears  to  confirm 
the  generally  held  belief  that  embedded  software  is  inherently 
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a  more  complex  programming  task  (indicated  by  higher  APPL 
values).  Based  on  this  relatively  limited  amount  of  data, 
it  appears  that  the  PRICE-S  model  can  be  used  to  adequately 
predict  the  cost  of  embedded  avionics  within  acceptable  limits. 
Given  an  estimated  program  size,  a  relatively  accurate  cost 
estimate  for  embedded  avionics  software  should  be  obtainable 
with  parameter  values  as  follows:  RESO  =  2.9,  CPLX  =  1.0, 
and  APPL  =  6. 

Embedded  Command  and  Control- ESP.  The  most  detailed 
data  collected  during  this  research  was  that  provided  by  ESD 
on  three  major  command  and  control  software  development  pro¬ 
jects.  The  three  systems  selected  for  analysis  were  described 
in  Chapter  III.  The  three  systems’  parametric  descriptions 
are  provided  in  Table  VII. 

Project  A  consists  of  7  individual  programs  which  make 
up  the  complete  system.  MIX  category  data  was  provided  for 
each  of  the  programs  which  comprise  the  total  system.  Also 
provided  were  details  on  the  percentages  of  design  and  code 
which  were  required  to  complete  the  system.  Schedule  data 
for  each  of  the  systems  was  provided  by  project  personnel. 

Based  on  preliminary  ECIRP  calibration  and  an  analysis  of  the 
details  provided  in  the  programming  environment  and  technique 
descriptions,  it  was  decided  to  use  parameter  values  of  RESO  = 
2.9  and  CPLX  *  .9  for  this  system. 

Project  B  was  a  relatively  smaller  system  consisting  of 

* 

5  major  programs.  Again,  MIX  category  data,  percentages  of 
design  and  code,  and  schedule  start  and  finish  information  was 
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TABLE  VII 


Embedded  Command  and  Control  Systems  (ESD) 
Basic  Description 


Project  A 

Program 

Obj  ect 
Instructions 

%  CPU 

Utilization 

EAA 

Operating  System 

25500 

63 

EAB 

Tactical  Applications 

180500 

63 

EAC 

Simulation 

70200 

63 

EAD 

Structured  Programming 

Tools 

100000 

63 

EAE 

Data  Reduction  Tools 

56000 

63 

EAF 

Radar  Control  Software 

54950 

75 

EAG 

Radar  Signal  Processor 

7240 

75 

Prog 

ram 

%  Code 

Application 

EAA 

Operating  System 

100 

OPR 

EAB 

Tactical  Application 

Real  Time  Monitor 

9 

OPR 

Radar  Manager 

44 

INT 

Mission  Control 

40 

REA 

Communications 

7 

STR 

EAC 

Simulation 

Real  Time 

30 

INT 

Target  Generator 

70 

STR 

EAD 

Structured  Programming 

Tools 

Data  Storage 

50 

DAT 

Data  Manipulation 

50 

STR 

EAE 

Data  Reduction  Tools 

100 

STR 

EAF 

Radar  Control  Software 

Operating  Module 

18 

OPR 

Task  Module 

82 

ONL 

EAG 

Radar  Signal  Processor 

100 

REA 

82 


TABLE  VII:  Project  A,  continued 


Program  %  New  Design  %  New  Code  Design  Start  Test  End 


EAA 

100 

100 

0476 

1177 

EAB 

90 

100 

0476 

1277 

EAC 

40 

100 

0876 

1077 

EAD 

50 

100 

0476 

0177 

EAE 

100 

100 

0876 

0178 

EAF 

70 

100 

0476 

0877 

EAG 

100 

100 

0776 

0877 

Program 

Programming  Environment 

EAA 

Normal  New  Project 

EAB 

Normal  New  Project 

,  New  Hires 

EAC 

Normal  New  Project 

,  New  Hires 

EAD 

Familiar  Project, 

New  Hires 

EAE 

Familiar  Project, 

New  Hires 

EAF 

Normal  New  Project 

,  New  Hires 

EAG 

Hardware/Software 

Parallel  Development 

Technique : 

Combination 

of  High  Order  Language  and  Assembly 

Language 

Programming 

FINAL  COST: 

$10, 

700,000 

Project  B 


Program 

Object 

Instructions 

%  CPU 

Utilization 

EBA 

Operational 

40500 

75 

EBB 

Utility 

60000 

50 

EBC 

Data  Reduction 

18000 

75 

EBD 

Simulation 

f 

15000 

75 

EBE 

Test 

18000 

75 
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TABLE  VII:  Project  B,  continued 


Program 

%  Code 

Application 

EBA  Operational 

100 

OPR 

EBB  Utility 

100 

ONL 

EBC  Data  Reduction 

100 

STR 

EBD  Simulation 

100 

REA 

EBE  Test 

100 

REA 

Program  %  New  Design  % 

New  Code  Design  Start  Test  End 

EBA 

50 

100  0173 

0676 

EBB 

50 

100  0173 

0676 

EBC 

50 

100  0173 

0676 

EBD 

50 

100  0173 

0676 

EBE 

50 

100  0173 

0676 

Program 

Programming  Environment 

EBA 

Normal 

New  Project,  Timing 

Constraint 

EBB 

Normal 

New  Project 

EBC 

Normal 

New  Project 

EBD 

Normal 

New  Project 

EBE 

Normal 

New  Project,  Timing 

Constraint 

Technique : 

Programmed  in 

High  Order 

Language 

FINAL  COST: 

$5, 

000,000 

Project  C 

Program 

Obj  ect 

%  CPU 

Instruction 

Utilization 

ECA  Application 

t  250000 

50 

ECB  Support 

30000 

50 
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TABLE  VII:  Project  C,  continued 


Program  I  Code  Application 


ECA  Application  100  REA 

ECB  Support  100  ONL 


Program 

%  New  Design 

%  New  Code 

Design  Start 

Test  End 

ECA 

100 

100 

0474 

0277 

ECB 

100 

100 

0474 

0277 

Program  Programming  Environment 

ECA  Normal,  Some  New  Hires,  Changing 

Requirements 

ECB  Normal,  Some  New  Hires,  Changing 

Requirements 

Technique : 

Programmed  in  High  Order  Language 


FINAL  COST:  $14,300,000 


provided.  Because  the  development  involved  some  severe  timing 
constraints  and  many  changing  requirements,  the  CPLX  value 
was  raised  to  1.5  for  this  system.  Also,  project  personnel 
indicated  that  many  new  hires  were  required  which  necessitated 
raising  the  RESO  value  to  3.2. 

Project  C  was  a  rather  large  system  which  consisted  of 
two  major  programs.  Again,  detailed  size,  design/code,  MIX, 
and  schedule  data  were  extracted  from  system  documentation. 

To  accommodate  the  rapidly  changing  requirements  activity 
which  occurred  during  this  system  development,  the  CPLX  value 
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was  increased  to  1.3.  The  nominal  R1 SO  value  of  2.9  was 
selected  because  the  system  was  desc..ed  as  a  typical  con¬ 
tractor  developmental  effort. 

The  detailed  model  inputs  can  be  seen  in  Appendix  A. 
Appendix  B  contains  the  complete  set  of  PRICE-S  model  outputs. 
Table  VIII  shows  the  consolidated  results  of  the  ESD  model 
exercise.  The  combined  estimate  of  project  A  was  $10,934,000 
with  an  actual  cost  of  $10,700,000,  showing  a  difference  of 
+2%.  Actual  schedules  versus  model  typical  schedules  for  the 
7  programs  are  relatively  close.  Project  B  shows  a  total 
estimated  cost  of  $4,956,000  as  compared  to  an  actual  cost 
of  $5,000,000,  or  a  difference  of  -1%.  Actual  schedule  data 
may  not  be  an  accurate  reflection  of  the  program  development. 
Single  development  start/test  end  dates  were  provided  for 
each  of  the  programs,  indicating  a  simultaneous  development 
effort.  Considering  the  differences  in  size  for  the  five 
programs,  there  were  likely  some  differences  in  actual 
developmental  time  frames. 

Project  C  actual  cost  was  given  as  $14,300,000.  The 
model  estimated  cost  based  on  the  input  provided  was  $14,386,000 
or  a  difference  of  +1%.  The  same  argument  regarding  the  actual 
schedule  for  Project  B  applies  to  Project  C. 

Based  on  the  data  provided,  it  appears  that  the  PRICE-S 
model  can  accurately  predict  the  cost  of  embedded  command  and 
control  systems.  Given  an  estimated  program  size,  an  adequate 
cost  estimate  should  be  obtainable  with  approximate  parameter 
values  of  RESO  =  3.0,  CPLX  =  1.0  and  APPL  =8.  It  is 
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Embedded  Command  and  Control  Systems 
Results  -  ESD 


Project 

Est 

Cost 

($k) 

RE  SO 

CPLX 

Act 

Sched 

(mos) 

Model 

Sched 

(mos) 

Penalty 

($k) 

EAA 

825 

2.9 

.9 

19 

13.9 

50 

EAB 

6665 

2.9 

.9 

20 

30.1 

1663 

EAC 

799 

2.9 

.  9 

14 

15.3 

11 

EAD 

802 

2.9 

.9 

9 

12.0 

121 

EAE 

465 

2.9 

.9 

17 

9.0 

63 

EAF 

1106 

2.9 

.9 

16 

15.4 

1 

EAG 

272 

2.9 

.9 

13 

11.2 

4 

TOTAL 

10934 

(  +  2%) 

ACTUAL 

10700 

EBA 

1934 

3.2 

1.5 

41 

29.5 

149 

EBB 

1247 

3.2 

1.5 

41 

26.9 

135 

EBC 

297 

3.2 

1.5 

41 

12.3 

115 

EBD 

687 

3.2 

1.5 

41 

18.5 

194 

EBE 

792 

3.2 

1.5 

41 

19.8 

199 

TOTAL 

4956 

C-l%) 

ACTUAL 

5000 

ECA 

13534 

2.9 

1.3 

34 

54.3 

3665 

ECB 

852 

2.9 

1.3 

34 

22 

93 

TOTAL 

14386 

(  +  1%) 

ACTUAL 

14300 

f 
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interesting  to  note  the  similarities  in  parameter  values  for 
the  two  types  of  embedded  system  software  which  would  indicate 
that  for  gross  estimating  purposes,  the  same  general  values 
might  be  used  in  either  instance.  This  line  of  reasoning 
will  be  pursued  further  in  a  later  chapter. 

Embedded  Command  and  Control- -Cooper  Survey.  The  six 
embedded  command  and  control  software  applications  selected 
for  analysis  were  described  in  Chapter  III.  A  summary  of  the 
major  input  parameters  for  these  six  systems  is  contained  in 
Table  IX.  This  information  was  all  extracted  from  the  Cooper 
Survey  instruments  which  were  completed  by  project  management 
personnel.  Each  of  the  systems  was  a  real  time  command  and 
control  processing  application.  Since  no  data  was  available 
on  actual  program  MIX  composition,  a  value  of  APPL  =  8.46  was 
assigned  to  each  system  to  reflect  the  real  time  interactive 
application  category.  Platform  (PLTFM)  values  of  1.2  military 
ground  and  1.4  military  mobile  were  assigned  in  accordance 
with  the  environmental  descriptions.  A  30  percent  multiple 
factor  was  added  to  each  system  to  account  for  contractor  fees. 
Based  upon  the  ECIRP  calibration  results  from  the  ESD  command 
and  control  systems  baseline,  RESO  =  2.9  and  CPLX  =  1.0  values 
were  assumed  with  adjustments  made  on  the  basis  of  the  system 
descriptions . 

Because  of  its  extremely  large  size  and  extended  develop¬ 
ment  schedule,  the  Project  CA  resource  and  complexity  values 
were  adjusted  upward  to  3.0  and  1.1.  Because  of  the  relatively 
high  values  of  CPU  utilization  for  Projects  CB  and  CE,  the 


TABLE  IX 


complexity  factors  for  these  two  projects  were  raised  to  1.3. 
Projects  CD  and  CE  appeared  to  have  somewhat  less  experienced 
personnel  performing  the  programming  function,  thus  the  RESO 
values  were  raised  to  3.1  for  these  two  systems. 

Results  of  the  Cooper  Survey  exercise  are  shown  in 
Table  X.  Considering  the  limited  amount  of  data  available  in 
the  survey  instrument,  the  estimated  project  costs  are  very 
close  to  the  actuals,  with  two  systems  showing  a  1%  difference, 
three  systems  showing  3%,  and  one  estimate  which  showed  no 
difference.  Discrepancies  in  the  actual  schedule  versus 
"typical"  schedule  data  were  not  as  large  for  the  embedded 
command  and  control  systems  as  they  were  for  the  other  data 
bases.  It  is  interesting  to  note  that  whereas  "typical"  sched¬ 
ules  were  consistently  shorter  in  the  embedded  avionics  and 
management  data  systems,  in  the  Cooper  Survey  systems,  the 
typical  schedules  were  longer  than  the  actuals.  This  would 
probably  indicate  that  additional  resources  are  being  added 
to  these  systems  in  an  attempt  to  cut  development  time.  The 
Cooper  Survey  results  appear  to  confirm  the  ESD  results  which 
show  that  given  an  estimated  program  size,  an  accurate  cost 
estimate  for  embedded  command  and  control  systems  can  be 
obtained  with  parameter  values  for  RESO  of  3.0,  CPLX  of  1.0, 
and  APPL  of  8.0. 

Management  Data  Systems.  Six  management  data  systems 
software  applications,  which  were  briefly  described  in  Chapter 
III,  were  selected  for  analysis.  A  summary  of  the  major  input 
parameters  for  these  six  systems  is  contained  in  Table  XI. 


Management  Data  Systems  Basic  Description 
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The  number  of  instructions  for  each  program  was  obtained  from 
systems  documentation.  The  application  is  a  broad  based 
description  of  the  type  of  programming  contained  in  the  system. 
Developmental  schedule  information  was  provided  by  project  per¬ 
sonnel  or  extracted  from  existing  system  documents.  CPU  utili¬ 
zation  is  generally,  insignificant  because  management  data 
systems  are  normally  run  on  very  large  general  purpose  pro¬ 
cessors  in  a  multi-processing  environment.  The  environment 
(PLATFORM  variable)  describes  the  basic  software  development 
methodology. 

A  slightly  different  approach  was  taken  for  calibrating 
the  model  for  management  data  systems  because  of  the  lack  of 
detailed  MIX  description  data  for  these  systems.  Also,  because 
this  was  the  first  effort  at  utilizing  the  model  for  Air  Force 
management  data  systems,  it  was  decided  to  ECIRP  the  entire 
data  base.  It  was  learned  that  there  were  no  difficult  or 
extenuating  circumstances  concerning  the  development  of  any 
of  the  six  systems,  thus  a  CPLX  of  1.0  was  assigned  for  each 
program.  Since  the  detailed  MIX  category  content  information 
was  not  available,  it  was  decided  after  discussion  with  Price 
Systems  personnel  that  a  50%-50%  mix  of  math  operations  and 
string  manipulation  could  be  used  to  approximate  the  management 
data  systems  application  category.  Results  of  the  calibration 
can  be  seen  in  Table  XII.  RESO  values  ranged  from  a  low  of 
1.3  to  a  high  of  1.8,  showing  a  somewhat  consistent  pattern 

f 

which  is  markedly  different  from  the  embedded  system  values. 
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TABLE  XII 


Management  Data  System  Calibration  Results 


Project 

CPLX 

APPL 

RESO 

DCA 

1.0 

1.588 

1.476 

DCB 

1.0 

1.588 

1.287 

ALA 

1.0 

1.588 

1.352 

ALB 

1.0 

1.588 

1.688 

AUA 

1.0 

1.588 

1.454 

AUB 

1.0 

1.588 

1.783 

CPLX 

RESO 

-  Set  According 

-  Calculated  by 

to  System 

PRICE-S 

Description 

APPL 

9.04 

6 

-  50/50  mix  Math  Operations/String  Manipulation 

*  1.50 

Each  of  the  systems  (2-AFDSDC,  2-AFLC,  2-AU)  was  run 
through  a  model  cost  estimation  exercise,  the  results  of  which 
are  contained  in  Table  XIII.  Values  of  CPLX  *  1.0,  RESO  =  1.5, 
and  PLTFM  =  .8  were  used  for  each  of  the  systems.  Actual  costs 
of  these  in-house  development  efforts  had  to  be  determined  in¬ 
directly.  Developmental  manhour  figures  were  obtained  from 
management  personnel  at  each  of  the  three  development  centers. 
Developmental  manhours  were  converted  to  manyears  based  on  the 
standard  of  1728  productive  manhours  per  manyear.  The  cost 
was  then  calculated  based  on  the  average  1978  Air  Force  pro- 
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grammer  cost  of  $20,900  developed  by  the  AFDSDC.  The  $20,900 


figure  was  adjusted  by  a  constant  6%  inflation  rate  to  the 
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base  year  of  the  development  project.  Detailed  model  outputs 
are  contained  in  Appendix  B. 

The  management  data  systems  ranged  in  size  from  315000 
instructions  to  a  low  of  2900  instructions,  and  from  19.5  man- 
years  of  development  effort  (AFDSDC  system  A)  to  a  low  of  .4 
manyears  (AU  system  B) .  Actual  scheduled  developmental  time 
ranged  from  five  months  to  four  years.  Again,  for  the  manage¬ 
ment  data  systems  there  is  a  discrepancy  between  the  actual 
and  the  model  "typical"  schedule  data.  This  discrepancy  again 
shows  a  consistent  stretchout  of  schedule  for  defense  systems. 

It  is  not  apparent  whether  this  stretchout  is  a  result  of 
inefficiencies  in  programming  resource  utilization  or  is  the 
effect  of  the  limited  manpower  resources  available  for  defense 
systems  as  opposed  to  civilian  industry. 

Estimated  costs  for  the  two  AFDSDC  systems  were 
$416,000  and  $76,000,  while  the  actual  costs  were  calculated 
at  $407,000  and  $62,000  respectively.  The  estimates  for  these 
two  systems  represented  differences  of  +2  percent  and  +22  per¬ 
cent.  However,  if  the  sensitivity  analysis  information  is  taken 
into  consideration,  the  low  value  (indicating  reduced  complexity 
and  resource  values  of  .1)  shows  the  estimate  is  reduced  to 
$69,000  for  the  second  system,  or  a  difference  of  +11%.  For 
the  two  AFLC  systems,  if  sensitivity  analysis  is  taken  into 
consideration,  the  results  show  differences  of  estimated  to 
actual  of  +6%  and  -9%.  This  would  indicate  that  AFLC  system 

t 

A  was  probably  less  complex  or  more  productive  programming 
personnel  were  used  as  opposed  to  system  B,  which  appears  to 


be  either  of  higher  complexity  or  less  efficiency.  The  Air 
University  systems  appear  to  conform  to  tne  nominally 
assigned  values  with  differences  of  +2  and  -14  percent.  The 
relatively  small  size  of  the  AU  system  B  accounts  for  the 
larger  percentage  difference. 

It  is  apparent  from  the  results  of  this  analysis  that 
the  management  data  system  is  an  inherently  less  complex  pro¬ 
gramming  task  than  the  embedded  system.  It  appears  that 
software  costs  can  be  significantly  reduced  by  using  inhouse 
development  resources;  however,  consideration  must  be  given 
to  manpower  limitations  and  the  capabilities  and  expertise 
required  for  developing  the  more  complex  systems.  Based  on 
the  analysis  of  this  limited  number  of  systems,  it  appears 
that  the  PRICE-S  model  can  be  used  to  adequately  predict  the 
cost  of  management  data  systems  within  acceptable  limits. 

Given  an  estimated  program  size,  a  relatively  accurate  cost 
estimation  for  management  data  systems  should  be  obtainable 
with  parameter  values  as  follows:  RESO  =  1.5,  CPLX  =  1.0, 
and  APPL  2.0.  Certainly  much  more  accurate  estimates  can  be 
obtained  as  the  system  progresses  and  becomes  more  well  defined. 

Table  XIV  shows  a  cost  distribution  summary  be  develop¬ 
ment  phase  and  by  cost  element  for  each  of  the  data  bases. 

The  composite  figures  show  a  distribution  of  37-12-51  for  the 
development  phases,  which  closely  approximates  the  widely 
accepted  industry  rule-of-thumb  of  40-20-40. 

In  conclusion,  based  upon  the  results  of  this  analysis, 
the  PRICE-S  software  cost  estimation  model  appears  to  have 
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universal  applicability  across  each  of  the  major  Air  Force 
software  functions.  The  flexibility  of  the  model  allows  for 
accurate  estimates  of  the  simplest  to  the  most  complex  pro¬ 
gramming  tasks.  The  model  can  be  manipulated  easily  to 
account  for  contracted  as  well  as  in-house  development  efforts. 
Allowable  variations  in  the  basic  parameter  enables  the  analyst 
to  model  an  unlimited  combination  of  resource  utilization  pat¬ 
terns.  In  the  next  section  an  illustration  will  be  given  of 
how  to  scope  a  rough  approximation  of  program  cost  and  schedule 
based  on  the  results  obtained  from  this  preliminary  examination 
of  the  PRICE-S  model. 

A  Generalized  Approximation  Procedure.  What  is  des¬ 
cribed  here  is  an  attempt  at  developing  a  gross  software  cost 
approximation  based  on  the  analysis  results  of  this  study. 

The  analysis  made  a  series  of  model  runs  for  embedded  and 
general  purpose  software  developments  ranging  in  size  from 
1,000  instructions  to  1,600,000  instructions.  In  each  case 
a  generalized  set  of  approximating  variables  was  selected  for 
both  the  embedded  and  general  purpose  projects.  The  estimated 
cost  and  schedule  duration  for  each  of  the  runs  was  recorded. 
Low  and  high  values  were  obtained  for  each  model  run  from  the 
sensitivity  analysis  data  in  an  effort  to  determine  upper  and 
lower  bounds  on  the  estimate  cost  and  schedule.  The  effects 
of  instruction  quantities  on  cost  and  schedule  duration  for 
embedded  software  systems  are  shown  in  Figures  14  and  15. 

The  general  purpose  systems  cost  and  schedule  duration  rela¬ 
tionships  are  shown  in  Figures  16  and  17. 
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Fig.  14.  Effect  of  Instructions  on  Cost 
for  Embedded  System  Software 
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Given  an  estimate  of  program  size,  the  plots  can  be 
used  to  obtain  an  approximate  cost  and  schedule  duration  with 
a  range  based  on  variations  in  the  RESO  and  CPLX  variables. 
Figure  18  shows  an  analysis  of  a  400,000  executable  instruc¬ 
tion,  contractor-developed  JOVIAL  embedded  command  and  control 
program.  Figures  14  and  15  show  a  development  cost  of 
$13,831,000  and  a  schedule  of  approximately  42.6  months. 

Using  an  industrial  average  programmer  cost  of  $60,000  per 
year  shows  that  the  project  involves  2764  manmonths  of  effort. 
This  means  that  an  average  of  27.64  manmonths  are  required  for 
each  1000  instructions  in  the  JOVIAL  language  program.  An 
average  of  65  personnel  per  month  are  required  to  complete 
the  project  in  the  scheduled  time.  Based  on  the  model  resource 
utilization  profiles,  the  maximum  number  of  personnel  available 
for  any  single  month  is  123.  If  a  value  of  .2  is  input  at  the 
value  of  the  MULT  variable,  the  model  cost  summary  outputs 
will  show  equivalent  manmonths  instead  of  actual  dollar  costs. 

Figure  19  shows  an  equivalent  analysis  for  a  400,000 
instruction  in-house  developed  COBOL  management  data  system. 

The  charts  reveal  a  13.7  month  schedule  with  a  cost  of  $346,000. 
Using  the  $20,900  average  programmer  cost  figure,  the  project 
requires  approximately  198.6  manmonths  of  effort.  This  figure 
translates  to  about  1.5  manmonths  per  1000  instructions  of 
COBOL  code.  The  average  number  of  personnel  required  per 
month  of  the  project  is  14.5,  with  a  maximum  of  27.55  available 

t 

in  any  single  month.  Setting  the  model  MULT  variable  equal  to 
.6  will  result  in  a  cost  summary  output  in  manmonths. 


400,000* Executable  Object  Instructions 

^ =  100,000  JOVIAL  instructions  (from  conversion 
4  table) 

42.6  Months  Development  Time  (from  Figure) 

$13,821,000  Development  Cost  (from  Figure) 

1728  Manhours/Year 

$60,000  /Manyear  (Industry  Average  Programmer) 

$5,000  /Manmonth 
Ii?821,0p0  =  2?64  Manmonths 


*2'764^  =  Instructions/Manmonths 


2764 


=  27.64  Manmonths/1000  Instructions 


2764  manmonths 


=  65  Average  number  of  people  needed 
on  project  per  month 


1.9  Peak  Average  Resource  (from  Model  Resource 

Distribution  Profiles) 

Maximum  Number  People  Available  for  Any  Single  Month 

65  x  1.9  =  123 

Model  Multiplier  =  -2  will  give  Cost 

5  (Jk/manmonth)  Summafy  Output 

in  Manmonths 


*  Estimate  of  executable  instructions  can  be  obtained 
by  totaling  all  blocks  in  a  system  functional  flow 
diagram  and  multiplying  by  90  (model  parameter 
for  average  number  of  instructions  per  block) 


Fig  18.  Embedded  Software  System  Approximation 
(Contractor  Development) 
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400,000*  Executable  Object  Instructions 

4QQ.?_0QQ  _  133^333  COBOL  instructions  (from  conversion 
J  table) 

13.7  Months  Development  Time  (from  Figure) 

$346,000  Development  Cost  (from  Figure) 

1728  Manhours/Year  (AF  Standard 

$20 ,900/Manyear  (AFDSDC  Standard  Programmer) 

$1742/Manmonth 

5^2°°  =  198 *6  Manmonths 

i  T't 

^  =  671  Instructions/Manmonth 

g  =  1.5  Manmonths/1000  Instructions 


198.6  Manmonths 


=  14.5  Average  Number  of  People 

Needed  on  Project  per  Month 


1.9  Peak  Average  Resource  (from  Model  Resource 

Distribution  Profiles) 

Maximum  Number  People  Available  for  any  Single  Month 


14.5  x  1.9  =  27.55 
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1  ($k) 
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*  Estimate  of  Executable  instructions  can  be  obtained 
by  totaling  all  blocks  in  a  system  functional  flow 
and  multiplying  by  90  (model  parameter  for  average 
number  of  instructions  per  block) 


Fig  19.  General  Purpose  Software  System 
Approximation  (^n-House  Development) 
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The  accuracy  of  this  kind  of  methodology  cannot  be  as 
precise  as  that  gained  from  a  detailed  system  analysis  using 
the  complete  model  procedure;  however,  this  effort  is  only 
intended  as  an  approximation  technique  designed  to  give  the 
analyst  a  baseline  figure  from  which  to  proceed. 

Total  Life  Cycle  Costing  Effects.  The  present  version 
of  the  PRICE-S  model  includes  only  software  development  costs. 

A  complete  economic  analysis  to  include  all  life  cycle  costs 
might  be  required  for  various  management  or  budgetary  pur¬ 
poses.  RCA  PRICE  Systems  is  presently  involved  in  expansion 
of  the  existing  model  to  include  the  front  end  requirements 
analysis,  and  back  end  maintenance  and  modifications  portions 
of  the  complete  software  life  cycle. 

One  recent  study  shows  the  total  life  cycle  cost  break- 

I 

down  by  phase  in  Figure  20  (Ref  28:18).  The  figure  shows 
that  the  design  phase  makes  up  approximately  55  percent  of 
the  life  cycle  costs  with  maintenance  and  modification  account¬ 
ing  for  an  additional  45  percent.  The  figure  shows  that  the 
front  end  requirements  analysis  phase  adds  approximately  20 
percent  to  the  total  life  cycle  cost.  Using  these  gross 
approximations,  Table  XV  was  constructed  showing  the  total 
life  cycle  cost  estimates  for  the  18  systems  utilized  in  this 
research  effort.  It  can  be  seen  that  in  any  economic  analysis 
where  system  acquisition  or  tradeoff  requirements  decisions 
might  rest  on  total  cost,  the  added  requirements  analysis  and 

t 

maintenance/modifications  may  prove  to  be  important  considera¬ 
tions  in  the  final  decisions. 
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Fig  20.  Total  Life  Cycle  Cost  Breakdown 


This  concludes  the  data  analysis  portion  of  this  research 
effort.  What  was  attempted,  in  the  time  available,  was  a 
PRICE-S  model  exercise  looking  at  the  three  major  Air  Force 
software  development  areas  of  embedded  avionics,  embedded 
command  and  control,  and  management  data  systems.  Utilizing 
historical  cost,  schedule  and  development  data  gathered  on  18 
Air  Force  software  projects,  model  estimates  were  obtained  and 
compared  to  the  actual  historical  figures.  Conclusions  were 
drawn  regarding  the  three  application  areas  based  on  the  re¬ 
sults  of  the  model  output.  Finally,  an  attempt  was  made  to 
extend  the  results  of  the  model  exercise  into  a  general  esti¬ 
mation  technique  which  included  a  look  at  total  life  cycle 
cost  aspects  of  software  development.  In  the  next  chapter  the 
results  of  this  research  will  be  summarized  and  recommendations 

t 

regarding  follow-on  activities  will  be  discussed. 


i 
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TABLE  XV 


Life  Cycle  Cost  Estimation  Summary 


Project 

RQMTS  ANAL ($k) 

DEVEL($k) 

MAI NT/MOD ($k) 

TOT  LCC ($k) 

EA 

3976 

10934 

8946 

23856 

EB 

1802 

4956 

4054 

10812 

EC 

5231 

14386 

11770 

31387 

ASA 

155 

428 

350 

933 

ASB 

4 

11 

9 

24 

ASC 

764 

2102 

1719 

4585 

DCA 

151 

416 

340 

907 

DCB 

27 

76 

62 

165 

ALA 

13 

36 

29 

78 

ALB 

37 

102 

83 

222 

AUA 

13 

38 

31 

82 

AUB 

2 

7 

5 

14 

CA 

30131 

82862 

67796 

180789 

CB 

360 

991 

810 

2161 

CC 

2989 

8220 

6725 

17934 

CD 

2056 

5655 

4626 

12337 

CE 

217 

599 

490 

1306 

CF 

2223 

6114 

5002 

13339 

(Model) 

Development  Cost  Approx  551 

of  TOT  LCC 

Maintenance  and  Modification  Approx 

45%  of  TOT  LCC 

Requirements  Analysis 

Apprqx  20%  of  Development  + 

Maintenance/Modif ication 
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V.  Conclusions  and  Recommendations 


Conclusions 

Before  managers  can  hope  to  control  software  costs, 
they  must  first  understand  how  software  costs  are  generated. 
Until  the  relationships  between  system  parameters  and  soft¬ 
ware  costs  are  recognized,  control  of  software  costs  will  be 
unobtainable.  It  is  hoped  that  this  research  effort  will 
provide  some  additional  insight  into  the  computer  software 
acquisition,  management  and  cost  estimation  processes. 

The  major  objective  of  this  research  was  an  attempt 

♦ 

to  investigate  and  validate  the  applicability  of  the  RCA 
PRICE-S  software  cost  estimation  model  for  possible  use  in 
conjunction  with  Air  Force  software  acquisitions.  A  major 
portion  of  this  report  was,  of  necessity,  devoted  to  providing 
a  basic  understanding  of  the  Air  Force  computer  software 
acquisition  and  management  processes.  It  is  the  belief  of 
the  researcher  that  an  accurate  software  cost  estimation 
is  not  possible  without  a  background  in  the  processes  by  which 
costs  are  drawn. 

Historical  cost,  schedule,  and  development  data  was 
collected  from  the  three  major  Air  Force  software  application 
areas  of  embedded  avionics,  embedded  command  and  control,  and 
management  data  systems.  Discussions  were  conducted  with 
project  management  personnel  to  familiarize  the  researcher 


110 


with  current  estimation  practices.  It  was  enlightening  to  dis¬ 
cover  the  many  and  varied  cost  estimation  techniques  being 
employed  not  only  across  the  different  application  areas,  but 
also  within  the  various  areas.  It  is  the  belief  of  the  researcher 
that  the  existance  of  too  many  estimation  procedures  is  a  con¬ 
tributing  factor  in  the  lack  of  progress  toward  more  accurate 
cost  estimation  capabilities.  Unless  some  positive  action  is 
taken  to  limit  the  number  of  procedures  used  to  a  few  of  the  more 
promising,  visible  progress  in  refining  the  estimation  process  is 
unlikely . 

The  RCA  PRICE-S  system  is  a  promising  step  in  the  direction 
of  more  accurate  software  cost  and  schedule  predictions.  Eased 
on  the  results  of  this  limited  investigation,  the  PRICE-S  system 
appears  to  have  universal  applicability  to  all  phases  of  Air 
Force  software  acquisition.  Results  of  the  model  exercise  were 
encouraging.  The  predictions  were  highly  accurate  and  well  with¬ 
in  acceptable  limits.  Model  flexibility  allows  the  analyst  to 
develop  estimates  with  very  little  system  descriptive  information. 
Model  sophistication  provides  the  capability  to  adapt  the  model 
to  individual  organizational  operation  techniques.  The  scope  of 
the  model  input  parameters  allows  a  progressively  more  detailed 
and  comprehensive  cost  estimate  as  the  program  advances  through 
the  development  process.  Data  required  to  operate  the  model  is 
available  and  can  be  obtained  with  a  minimum  of  effort. 

Recommendations 

There  are  a  number  of  factors  regarding  the  model  which 
require  some  additional  investigation.  The  cost  multiplier 
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globals  (ATABLE)  allow  the  user  to  modify  the  allocation  of 
costs  to  each  of  the  five  cost  elements  in  each  of  the  three 
development  phases.  Further  analysis  needs  to  be  conducted 
to  ensure  that  the  nominal  model  values  accurately  portray 
the  distributions  actually  occurring  in  the  embedded  and 
general  purpose  areas  for  Air  Force  developments. 

The  resource  allocation  profiles  which  are  computed 
based  on  the  curve  control  globals  (CTABLE)  use  three  6  dis¬ 
tributions  of  the  development  costs  through  each  of  the  three 
development  phases.  The  combination  of  these  three  distribu¬ 
tions  may  not  be  representative  of  the  situation  actually 
occurring  in  Air  Force  developments.  Further  analysis  is 
needed  to  ensure  that  the  nominal  values  are  accurate  or  to 
develop  more  accurate  portrayels  of  Air  Force  systems. 

The  PRICE-S  model  calculates  what  it  refers  to  as  a 
"typical  schedule"  with  normal  overlaps  for  the  three  activity 
phases  (design,  implementation,  test  and  integration).  This 
schedule  is  computed  based  on  the  size,  type,  and  difficulty 
of  the  project  described.  Based  on  the  input  schedule  identi¬ 
fied  by  the  analyst,  a  comparison  is  made  with  the  internal 
model  typical  schedule  and  costs  are  adjusted  to  account  for 
apparent  accelerations,  stretch-outs,  and  phase  transition 
inefficiencies.  Project  ASC,  for  example,  showed  an  actual 
schedule  of  60  months  and  a  typical  schedule  of  21  months. 

The  result  was  a  penalty  cost  of  $771,000  for  schedule  stretch¬ 
out.  The  developer  indicated  that  60  months  was  required 
because  the  system  involved  simultaneous  hardware  and  software 
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development.  While  this  situation  could  be  addressed  through 
the  complexity  variable,  it  appears  that  the  "typical 
schedule"/"penalty"  effects  on  the  cost  estimate  should  be 
examined  in  more  detail. 

In  order  to  accomplish  the  management  data  systems 
model  exercise,  it  was  necessary  to  assume  an  application 
(APPL)  value  based  on  discussions  with  project  management 
and  PRICE  Systems  personnel.  Additional  analysis  is  needed 
in  this  area  to  determine  more  accurately  the  management  data 
systems  mix  category  composition. 

Finally,  and  most  importantly,  the  software  cost  esti¬ 
mation  process  could  be  improved  by  the  adoption  of  a  systema 
tic  approach  and  the  development  of  an  integrated  estimation 
methodology.  Such  a  methodology  should  include: 

1)  Training  and  utilization  of  qualified  personnel 
with  experience  and  knowledge  of  the  software 
acquisition,  management,  and  development  processes. 
The  system  must  draw  upon  information  accumulated 
from  both  the  military  and  industry. 

2)  Evolving  a  systematic  cost  estimating  procedure 
which  includes  a  series  of  steps  to: 

a)  define  the  cost  estimating  task 

b)  identify  the  resources  required  in  the 
estimation  process 

c)  identify  the  estimation  technique  to  be  employed 

3)  Deriving  software  sizing  techniques  based  on  techni 
cal  evaluation  of  the  functional  performance 
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requirements  of  the  software. 

4)  Collecting  and  analyzing  software  cost  data  from 
new  and  existing  systems,  based  on  common  defini¬ 
tions  of  data  parameters  to  provide  an  historical 
cost  element  data  base  for  derivation  of  cost 
estimates . 

5)  Employing  a  validated  cost  model  supported  by 
analysis  of  the  historical  cost  data  base. 

6)  Ensuring  that  the  procedures  for  software  cost 
estimating  are  rigorously  and  methodically  followed. 
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O 

MAPP  APPL  8 

New  Design 

DDAT 

.OOl 

OONL 

•  OOl 

DREA 

.  OOl 

DINT 

.ooi 

OMAT 

.OOl 

OSTR 

1 

OOPR 

.OOI 

DAPP 

. 

New  Code 

COAT 

.oo  1 

CONL 

i  OOl 

CREA 

•  Ooi 

CINT 

.OOI 

CMAT 

.Ooi 

CSTR 

1 

COPR 

.  OOI 

CAPP 

Device 

TOAT 

TONL 

TREA 

TINT 

T'.pes 

O 

Quantity 

OOAT 

o 

OONL 

OREA 

QINT 

Schedule 

CPLX 

DSTART 

OEND 

ISTART 

IEND 

TSTART 

TEND 

Data 

.6 

c0-f6> 

o 

o 

o 

o 

o \~1& 

Supplementary 

Information 

YEAR 

m (e 

ESC 

1 

TECIMP 

__  1 

MULT 

1.3 

PLTFM 

1.7- 

UTIL 

.6,3 

TARCST 

Notes: 


-.2  H°t 


CC  1610  8/77 
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nurp/Tn 


,i 


Title 

Application 

Date 


Software  Model 
Input  Worksheet 


Peenc-CT  g  AF _ 

gAPUN  RAOftR  C-OsyTP.oL 

7.  OCX 


Filename:  sr£Afl 
Page_fc_.  of  ,  ~l 


New  Code 


Optional 


BOAT 

DOM 

DREA 

DINT 

DMAT 

OSTR 

OOPR 

New  Design 

.oot 

.10 

»CO\ 

.COI 

.oot 

.001 

.*70 

COAT  COM  CREA  CtNT  CMAT  CSTR  COPR  CAPP 

lOOl  I _ ,  0 01  ,oot  ,  oot  ■  OO I  t 


1  - 

Device 

Types 

TDAT 

o 

TOM 

TREA 

TINT 

QOAT 

QONL 

QREA 

OINT 

Quantity 

_Q _ 

-  - 

- 

Schedule 

CP  LX 

DSTART 

OENO 

ISTART 

IEND 

TSTART 

TEND 

Data 

0474 

O 

O 

o 

o 

cram 

Supplementary 

YEAR 

ESC 

TECIMP 

MULT 

PLTFM 

UTIL 

Information 

mc> 

\ 

_J _ 

1  .•?> 

\.T- 

ns 

CC  1610  8/77 


0QCM1 


C  J  0 

nji 


Software  Model 
Input  Worksheet 


Filename:  — 
Page_i_  of 


<.tc-ag r 


Title  _ PROJECT  £A& _ 

Application  FAP,in  lUftP-stuOfe  pftC>A(2_  “aiAr-iAc  PftOCKCoE 


Date  ^  OCX  1°i 

Optional 

INST  APPL  RESO  FUNCT  STRU  LEVEL 

Descriptors  _  _ 

mA  O  O  2/t 

INTEG 

T  '  i 

MOAT  MONL  MREA  MINT  MMAT  MSTR  MOPR 

M,x  o  O  |  O  o  o  o 

MAPP  APPL8 

OOAT  DONL  DREA  DINT  DM  AT  DSTR  OOPR 

OAPP 

New  Design 

.oot 

•  OOI 

1 

.  OOI 

.  OOI 

.  ool 

•  OOI 

- 

COAT 

CONL 

CREA 

CINT 

CMAT 

CSTR 

COPR 

CAP.® 

New  Code 

•  OOI 

.oot 

1 

•  OOI 

.  OOI 

.  OOI 

•  Ool 

Device 

j  Types 

TOAT 

O 

TONL 

TREA 

TINT 

OOAT 

QONL 

QREA 

QINT 

Quantity 

O 

— 

-  - 

- 

Schedule 

CP  LX 

D  START 

DEND 

ISTART 

IEND 

TSTART 

TEND 

Data 

l/L 

on  (a 

o 

O 

o 

o 

corn 

Supplementary 

YEAR 

ESC 

TECIMP 

MULT 

PLTFM 

UTIL 

Information 

me* 

1 

1 

t.z 

IT- 

.16 

GC  1610  8/77 
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nur^/TTl 


o  0  J 

7 

n_ 

c~* 

J-JU 

1 

Jr 

Software  Model 
Input  Worksheet 


Filename: . 

Page  J_  of ,  £ _ 


Title _ Po.o:.  r:c.r  r-e.fi 


Application  /\\R  TRAFFIC  Comt^QI-  OOciZ  ATiOMflL 


Date 

locrnq  . 

Optional 

Descriptors 

INST 

A  oSoo 

APPL 

O 

RESO 

6.7 

FUNCT 

STRU 

LEVEL 

INTEC 

MOAT 

AlICNL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

MAP?  APPLS 

Mix 

o 

O 

o 

o 

o 

d . - 

1 

DOAT 

DONL 

DREA 

DINT 

OMAT 

DSTR 

DOPR 

OAPP 

New  Design 

,OOI 

,  0<M 

•  OOI 

.©Ol 

.OOI 

.OOI 

.So 

Now  Code 

COAT 

,  OOI 

CONL 

.  OOI 

CREA 

•  OOI 

C1NT 

.OOI 

CMAT 

-OOI 

CSTR 

•OOI 

COPR 

1 

CAPP 

.  * 

Divice 

TOAT 

TONL 

TREA 

tint 

Types 

O 

Cuantity 

QOAT 

n 

OONL 

OREA 

CUNT 

j 

Schedule 

CPLX 

OSTART 

OENO 

(START 

IEND 

TSTART 

TEND 

Data 

1-9 

oni> 

n 

o 

O 

O 

asu* 

Supplementary 

Information 

YEAR 

ESC 

1 

TECIMP 

1 

MULT 

|/2> 

PLTFM 

IT- 

UTIL 

.76 

TARCST 

Notes: 

4 .2 

+•.*  ^couicg-Mr-Kir^ 
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nurn/jn 


Descriptors 


INST  APPL  RESO  FUNCT  STRU  LEVEL 

40000  O  3 .7-  _ _  _ 


New  Design 


Quantity 


Schedule 

Data 


MOAT 

O 

MONL 

1 

MREA 

O 

MINT 

O 

MMAT 

O 

MSTR 

O 

roPR 

O 

COAT 

DONL 

DREA 

DINT 

DMAT 

DSTR 

OOPR 

■  OOl  i  oo  \  .001  ,0  01 


! 

COAT 

CONL 

CREA 

CINT 

CMAT 

CSTR 

COPR 

New  Code 

.OOl 

1 

•  OOt 

.001 

.  ecu 

.0  ot 

.  QOt 

Device 

TDAT 

TONL 

TREA 

TINT 

Types 

O 

— 

— 

- 

QOAT  QONL  OREA  OINT 

o _ _ _ 


OSTART  OENO 

-OPS _ Q_ 


GC  1610  8/77 


nanR/jn 


Software  Model 
Input  Worksheet 


Filename: ..  6teBc_ 
Page_i_  of  __5 _ 


New  Code 


COAT  CONL  CREA  CINT  CMAT  CSTR  COPR  I CAPP 


rOO<  ,OQl  . OOI 


.OOI  I  .OOI 


Device 

Type* 

TDAT 

—D _ 

TONE 

TREA 

TINT 

ODAT 

OONL 

OREA 

OINT 

j  Quantity 

o 

— 

.  - 

.  - 

Schedule 

CPLX 

DSTART 

OENO 

1ST  ART 

IENO 

TSTART 

TEND 

Data 

1  »5 

on!* 

O 

O 

O 

O 

Supplementary 

YEAR 

ESC 

TECIMP 

MULT 

PLTFM 

UTIL 

Information 

. 

_  f 

\ 

1.**. 

ns 

* 

GC  1610  8/77 
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□ocmi 


Software  Model 
Input  Worksheet 


Title  _ PROJECT  Gg>D _ 

Application  A'Q.  TP.ftEriC  ComtRQU  5><mQUynoi0i 

Date  ~7  PCT  nS 


Filename:  .r  rE..^- 

PageJL  of  _§ _ 


Optional 


Descriptors 


RESO 

3.2. 


FUNCT  STRU 


New  Design 


ODAT 

.Opt 


DONE 

.cot 


OREA 

■  5o 


DINT 

lOOl 


DMAT 

.OOI 


DSTR 

•  OOt 


DORR 

•  OOt 


0 

New  Code 

COAT 

.OOt 

COM 

.OOt 

CREA 

1 

CINT 

,OOI 

CM  AT 

,oo< 

CSTR 

.OOl 

COPR 

.OOl 

Device 

Types 

TDAT 

O 

TONL 

TREA 

TINT 

Quantity 

OOAT 

O 

OONL 

OREA 

QINT 

Schedule 

Data 

CPLX 

1.5 

OSTART 

onb 

OENO 

O 

ISTART 

O 

(END 

O 

TSTART 

O 

TEND 

«nc 

Supplementary 

Information 

YEAR 

ESC 

1 

TECIMP 

1 

MULT 

PLTFM 

M- 

UTIL 

ns 

GC  1610  8/77 
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nura/ra 


Software  Model 
Input  Worksheet 


Filename:  srebr. 
Pa9e  JL  of  _£ _ 


Title 

Application 

Date 


Descriptors 


New  Design 


New  Code 


Device 

Types 


Quantity 


_ PROJECT  £ &E- _ 

A\R  TPCvrTiC  CfiuTP.t)L  TEST 

i  oct  is 


INST  APPL  RESO  FUNCT  STRU 

Ifbooo  O  3."1- 


Optional 


ODAT  DONL  DREA  DINT  DMAT  OSTR  OOPR 

.co» .  cc>  \  ■  5o  .COI  .001  ,  oo»  .OOl 


COAT  CONL  CREA  CINT  CMAT  CSTR  COPR  I CAPP 


.OQ\  ■  Opt  _ L 


.061  .061  .COI  ,OOl 


TDAT  TONL  TREA  TINT 

o _ 


ODAT  CONL  ORE  A  QINT 

o 


[ 

Schedule 

Data 

CP  LX 

\S 

OSTART 

o\m 

OEND 

O 

1ST ART 

O 

IEND 

O 

TSTART 

O 

TEND 

Supplementary 

YEAR 

ESC 

TECIMP 

MULT 

PLTFM 

UTIL 

Information 

ms 

\ 

\ 

1.3 

l.T 

•IS 
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rmris/n 


I 


urn 


Title 

Application 

Date 


c”3  Software  Model 
Ed  Input  Worksheet 


paoMECr  ech _ 

T  frCT'C.ftl.  &ONAM  SVaTHM 

”7  octTi _ 


Filename: 
Page_L  of  _ 


ppucfmor^ 


Optional 


Descriptors 

INST 

250too 

APPL 

O 

RESO 

2.4 

FUNCT 

STRU 

LEVEL 

MD<\T 

MONL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

Mix 

o 

o 

l 

© 

O 

O 

o 

ODAT 

DONL 

DREA 

DINT 

DMAT 

OSTR 

OOPR 

New  Design 

.OOI 

.OOI 

t 

•  OOi 

.  QO\ 

•  OOI 

.OOI 

» 

COAT 

CONL 

CREA 

CINT 

CMAT 

CSTR 

COPR 

New  Code 

•OOI 

.OOI 

1 

.OOI 

.OOI 

.OOI 

.OOI 

Device 

TOAT 

TONL 

TREA 

TINT 

Types 

_Q _ 

_  . - 

• 

COAT 

OONL 

OREA 

OINT 

Quantir/ 

O 

- 

1 

Schedule 

CPLX 

OSTART 

OENO 

ISTART 

IEND 

TSTART 

TEND 

Data 

1.3 

0414 

O 

O 

o 

O 

om 

Supplementary 

Information 


YEAR  esc  TECIMP  MULT  PLTFM  UTIL 

1*314  _J _ I _  \-b  >-4-  »£ 


puj  wiPrc, _ 


4  .3  Cvlfe  Pr.TUiffPt/iCMTS 


— ,1  Hot- 


GC  1610  8/77 


MWK\ 


Title 

Application 

Date 


-1  Software  Model 
3  Input  Worksheet 


PftQJFCT  ECB _ 

TT\cncnt-  dOIAlA  SVSTHM  SoPPoflT 


Filename:  stc.c% 
Page  Z—  of  2b 


Optional 


INST 

APPL 

RESO 

FUNCT 

STRU 

LEVEL 

Descriptors 

$ 

0 

8 

O 

MOAT 

MONL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

Mix 

O 

1 

o 

O 

O 

o 

O 

DOAT 

DONL 

OREA 

DINT 

DMAT 

DSTR 

DOPR 

New  Design 

•OOI 

1 

.OOI 

.OOI 

.COI 

.OOI 

.OOI 

* 

# 

COAT 

CONL 

CREA 

Cl  NT 

CMAT 

CSTR 

COFR 

New  Code 

.OOI 

1 

.OOI 

•  OOI 

.ooi 

. OOI 

.OOI 

* 

Device 

TDAT 

TONL 

TREA 

TINT 

Types 

O 

- 

GOAT 

QONL 

OREA 

QINT 

Quantity 

o 

- 

Schedule 

CPLX 

OSTART 

OEND 

istart 

IEND 

TSTART 

TEND 

Data 

1.4 

0A1A 

O 

O 

o 

O, 

07-11 

Supplementary 

YEAR 

ESC 

TECIMP 

MULT 

PLTFM 

UTIL 

Information 

i  <?14 

t 

1 

t-4 

\A 

•  So 

GC  1610  8/77 

mm/Fi 

1— _ 

133 

_ _ i 

Software  Model 
Input  Worksheet 


Filename: _ 

Page_L  of  _j _ 


i 


Title  _ PROJECT  CA 


Application  _ ATTACH  aywr K 


Date  lA 

OCT  Ti 

Optional 

Descriptors 

INST 

msoooc 

APPL 

<aA<> 

RESO 

3.0 

FUNCT 

STRU 

LEVEL 

INTEO 

Mix 

MOAT 

O 

MONL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

MAPP  APPLE 

New  Design 

DDAT 

0  . 

DONL 

DREA 

DINT 

OMAT 

DSTR 

OOPR 

DAP P 

New  Code 

COAT 

O 

CONL 

CREA 

CINT 

CMAT 

CSTR 

COPR 

CAPP 

Device 

Types 

TDAT 

O 

TONL 

TREA 

TINT 

Quantity 

OOAT 

o 

OONL 

OREA 

QINT 

Schedule 

Data 

CPLX 

»•! 

OSTART 

onz 

OENO 

o 

1ST  ART 

Q 

IEND 

o 

TSTART 

O 

TEND 

I 

Supplementary 

Information 

YEAR 

int 

ESC 

\ 

TECIMP 

\ 

MULT 

\.3 

PLTFM 

i.-z. 

UTIL 

•  SO 

TARCST 

I 


i 


Notes: 


GC  1610  8/77 
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rmns/n 


0  D 


Software  Model 
Input  Worksheet 


Filename:  PSTCS> 
Page_L  of  _J _ 


Title  -PRCUF.CT  CB 


Application _ BASiC-Q  PAD Aft. 


Date 

14  Oct  *n 

Optional 

Descriptors 

INST 

2SOOO 

APPL 

8. <4 

RESO 

3.0 

FUNCT 

STRU 

LEVEL 

INTEQ 

« 

Mix 

MOAT 

O 

MONL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

MAPP  APPLf 

New  Design 

DOAT 

o 

DONL 

DREA 

OINT 

OMAT 

OSTR 

DOPR 

DAPP 

. 

New  Code 

COAT 

O 

CONL 

CREA 

CINT 

CMAT 

CSTR 

COPR 

CAP? 

Device 

Types 

TO  AT 

o 

TONL 

TREA 

TINT 

Quantity 

QOAT 

o 

OONL 

OREA 

OINT 

Schedule 

CPLX 

OSTART 

OENO 

ISTART 

IEND 

TSTART 

TEND 

Data 

1.3 

ons 

o 

.  o 

O 

o 

omc-. 

Supplementary 

Information 

YEAR 

ESC 

\ 

TECIMP 

! 

MULT 

PLTFM 

1.2 

UTIL 

.IS 

TARCST 

Notes: 
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rmns/m 


0  0 


Software  Model 
Input  Worksheet 


Filename:  FSTCr, 

Page  J_  of  J _ 


i 


Title  Ppq:  r-cr  c.c. _ 

Application  tv3TT.uut6r-rJCG  PPocfrCCi  SyvrftM 
Date  14  OCT  ~1°\ 


Descriptors 


INST 

25oooo 


APPL 

8  Ah, 


RESO 


FUNCT 


STRU 


LEVEL 


Mix 


MOAT  MONL  MREA  MINT  MMAT  MSTR 

O 


New  Design 


DDAT  OONL  f  ORE  A  DINT  DMAT  OSTR 

O 


New  Code 


COAT  CONL  CREA  CINT  CMAT  CSTR 

O 


Device  tdat  tonl  t  rba  tint 

Types  q 


Quantity 


ODAT  OONL  OREA  DINT 

O 


Scliedule  cplx  ostart  oeno  istart  iend  tstart 

Data  1.1  OllS  O  Q  Q  O 


Supplementary 

Information 


YEAR  ESC  TECIMP  MULT  PLTFM  UTIL 

l9is  I  I  1.3  1.2  .50 


Notes: 


Optional 


•NTEG 


MOPR 


OOPR 


COPR 


TEND 

obm 


MAPP  APPL. 


OAPP 


CAPP 


TARCST 


GC  1610  8/77 
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mna/jn 


0 


0 


Software  Model 
Input  Worksheet 


Filename:  —fyco 
Page _ of _ 


Title  Pfiosecr  cb 


Application  SEN  'lucmCH.  S.VSTGM 


Date  14  ocr  1 9 

Optional 

Descriptors 

INST 

t4oooo 

APPL 

6.4(3 

RESO 

3.1 

FUNCT 

STRU 

LEVEL 

INTEG 

Mix 

MOAT 

O 

MONL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

MAPP  APPLE 

New  Design 

OOAT 

o 

OONL 

DREA 

DINT 

OMAT 

OSTR 

OOPR 

DAPP 

New  Code 

CDAT 

o 

C0NL 

CREA 

Cl  NT 

CM  AT 

CSTR 

COPR 

CAPP 

Device 

Types 

TDAT 

a 

TONL 

TREA 

TINT 

Quantity 

OOAT 

_  O 

OONL 

ORE  A 

QINT 

-Schedule 

Data 

CPLX 

1.0 

DSTART 

on5 

OEND 

o 

ISTART 

O 

IENO 

O 

TSTART 

o 

TENO 

121 

Supplementary 

Information 

YEAR 

19-75 

ESC 

1 

TECIMP 

1 

MULT 

1.5 

PLTFM 

1.4 

UTIL 

.50 

TARCST 

Notes: 


GC  1610  8/77 


mns/n 


ms  m 


Application 


Descriptors 


y]  Software  Model 
i_L~j  Input  Worksheet 


project  ce _ 

M'SS>'lEE  c  ftrtb  C  SysT^t-A 

<4  Per  *7^ 


INST  APPL  RESO  FUNCT  STRU  LEVEL 

I  loop  8,44.  3.  >  _  _  ' 


Filename:  EgJgJL 
Page  jl_  of  _i _ 


Optional 


New  Code 


COAT  COM.  CREA  CiNT  CMAT  CSTR  COPR 


■Schedule 

Data 


Supplementary 

Information 


CP  LX  DSTART  DEND 

i.5  ons  o 


YEAR  CSC 


TSTART  TEND 


\?.lb 


ms  \ 


GC  1610  8/77 


mm/jn 


» 


Title 

Application 

Date 


Descriptors 


3  Software  Model 
3  Input  Worksheet 


PfiQAFCT  c P _ 

Srp.A-TrG-ic  roMMui-MgyvrxoMS  •s.yyrEN/ 
xor 


INST  APPL  RESO  FUNCT  STRU  LEVEL 

dMOoo  8.44.  3.0 


Filename: _ 

Page  j_  of  _J _ 


Optional 


MOAT  MONL  MREA  MINT 

o 


MMAT  MSTR  MOPR  I  MAPP  APPLE 


New  Design 


DOAT  OONL  OREA  '  DINT  DMAT  DSTR  DOPR  DAPP 

o 


CMAT  CSTR  COPR  I CAPP 


Device 

Types 

TOAT 

O 

TONL 

TREA 

TINT 

GOAT 

OONL 

QREA 

QINT 

Quantity 

o 

-  - 

- 

Schedule 

CPLX 

D  ST  ART 

OEND 

ISTART 

IENO 

TSTART 

TEND 

Data 

1.2 

ons 

o 

O 

o 

O 

an 

Supplementary 

YEAR 

ESC 

TECIMP 

MULT 

PLTFM 

UTIL 

Information 

ms 

\ 

t 

\.7 

.So 

GC  1610  8/77 


rnm/n 


Software  Model 
Input  Worksheet 


Filename: _ 

Page_L_  of  _J _ 


Title 

Application 

Date 


Descriptors 


New  Design 


Now  Code 


pacorcT  asA _ 

^lC-RT)At-  lOtWi  foftTtO  5M5TCM 
OCT  ng 


INST  APPL 

18500  _ O 


DDAT 
.  OOt 


OONL 

.OOI 


RESO  fUNCT  STRU 
■2.%.  _ _ 


MINT 

.00 


MMAT 


DSTR 

.oo\ 


CONL  CREA  CINT  CMAT  CSTR 

.  OOI  \ _ \  t  J 


Optional 


TOAT 

TONL 

TREA 

TINT 

O 

- 

Quantity 


ODAT  OONL  OREA  QINT 

O 


Schedule 

Data 


DSTART  OENO 
051  B» _ O 


TSTART 

O 


TEND 

UTS 


Supplementary 

Information 


YEAR 

HT3 


TECIMP 

O 


PUTFM 

t.n 


UTIL 

.*b 


0 


0 


Software  Model 
Input  Worksheet 


Filename:  — 
Page_i_  of  _j _ 


Title  _ PRo^PCT  A.Sg> 


Application  _ i4k\Hg>tvn  0«^  SvSTTna  ‘5t<v\uc F\~n o«^ 


Date  16  OCT  -fl 

Optional 

Descriptors 

INST 

Afeo o 

APPL 

o 

RESO 

2.3 

FUNCT 

STRU 

LEVEL 

j INTEG 

MOAT 

MONL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

MAPP  APPLE 

Mix 

O 

O 

O 

.OS 

.^s 

O 

O 

DOAT 

DONL 

OREA 

DINT 

OMAT 

OSTR 

dopr 

DAPP 

New  Design 

lOOt 

.OOI 

.ooi 

l 

•  1 

.OOI 

•  OOI 

COAT 

CONL 

CREA 

Cl  NT 

CMAT 

CSTR 

COPR 

CAPP 

New  Code 

.ooi 

.OOI 

.OOI 

\ 

1 

•  OOI 

.oot 

Device 

TOAT 

TONL 

TREA 

TINT 

Types 

r> 

-  - 

-  - - - - 

-  — - - 

- 

QOAT 

OONU 

QREA 

OINT 

Quantity 

O 

— 

-  - 

.  - 

- 

Schedule 

CPLX 

DSTART 

OEND 

1ST  ART 

IEND 

TSTART 

TEND 

Data 

im 

0 

O 

o 

O 

Supplementary 

YEAR 

ESC 

TECIMP 

MULT 

PLTFM 

UTIL 

TARCST 

Information 

mn 

\ 

o 

\ 

t.o 

.3 

<>*-> 

Notes: 


GC  1610  8/77 


I 


141 


nnrE/Tn 


Title 

Application 

Date 


Software  Model 
Input  Worksheet 


frROjCCT  /vlc _ 

AiRfcoRioG-  RftOftR  SvsTBM 


Filename: _ 

Pagej__  of  _ 


Ife  OCT  ~lc 


Optional 


Descriptors 

INST 

mi5o 

APPL 

O 

RESO 

zn 

FUNCT 

STRU 

LEVEL 

MOAT 

M0NL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

Mix 

.  19 

O 

.  \9 

•  OS 

.&5 

O 

O 

DOAT 

OONL 

DREA 

DINT 

OMAT 

OSTR 

oorn 

New  Design 

1 

.ftot 

t 

\ 

.‘ft 

.OOl 

.OO  \ 

, 

Cevice 

Types 

TDAT 

O 

TONL 

TREA 

TINT 

1 

• 

OOAT 

OONL 

QREA 

QINT 

Quantity 

O 

• 

■ 

Schedule 

CPLX 

DSTART 

0EN0 

ISTART 

IENO 

TSTART 

TEND 

Data 

.q 

0914 

O 

O 

O 

O 

ft  914 

— 

Supplementary 

YEAR 

ESC 

TECIMP 

MULT 

PLTFM 

UTIL 

Information 

i 

I4T4- 

1 

O 

Ult 

_L2_ 

.as 

tarcst 

(Zoao 


Title  _ Project  dcA _ 

Application  _ QPCfcCVTiOtOfti  Pi.ftp]i0i  t-K->  S\S rPM 

Date  16.  ocri^i 


Optional 


Descriptors 


INST  APPL  RESO  FUNCT  STRU  LEVEL 

^i5ooo_  \  .*588  I.  S 


Mix 

MOAT 

O 

M0NL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

i 

!  New  Design 

DOAT 

O 

D0NL 

ORE  A 

DINT 

OMAT 

DSTR 

dopr 

t 

Quantity 

OOAT 

o 

OONL 

QREA 

OINT 

Schedule 

Data 


Supplementary 

Information 


CPLX  D  START  DENO 

1.0  0X1?)  o 


year  esc  TECIMP 

ma  _ I _ i 


1ST  ART 

o 


TSTART  TEND 

O  05.82 


PLTFM 
.  6 


TARCST 


0 


0 


Software  Model 
Input  Worksheet 


Filename: 

Page  j_  of  j 


Titlo  _ PROJECT  pctx, 


Application _ Fflftitjrr.p'MG  MjUWV^pATjJT  ^STTrM 


Date  It.  OCT  73 

Optional 

Descriptors 

INST 

C4,Ooo 

APPL 

1 .539. 

RESO 

1.5 

FUNCT 

STRU 

LEVEL 

INTEC 

Mix 

MOAT 

o 

MONL 

MREA 

MINT 

MMAT 

MSTR 

MOPR 

MAP?  APPLE 

New  Design 

DDAT 

o 

DONL 

DREA 

DINT 

DMAT 

OSTR 

DOPR 

DAPP 

New  Code 

COAT 

o 

CONL 

CREA 

CINT 

CM  AT 

CSTR 

COPR 

CAP? 

Device 

TDAT 

TONL 

TREA 

TINT 

Types 

O 

Quantity 

OOAT 

o 

OONL 

CREA 

QINT 

Schedule 

CPLX 

OSTART 

OEND 

ISTART 

■  END 

TSTART 

TEND 

Data 

1-0 

0873 

O 

O 

o 

o 

RU 

OHS' 

Supplementary 

Information 

YEAR 

mV 

ESC 

1 

TECIMP 

\ 

MULT 

\ 

PLTFM 

.8 

UTIL 

.1 

TARCST 

i4"»f 

Notes: 


r  i 


■  s 

- -  i  i 

GC  1610  8/77 


i 


144 


rmns/jn 


Descriptors 


New  Design 


New  Code 


INST  APPL  RESO  FUN  CT  STRU  LEVEL 

sn^oo  \.5B&  »»5  _ _  _ 


MOAT  MONL  MRS  A  MINT  MMAT  MSTR  MOPfl 


DOAT  OONL  OREA  DINT  DMAT  OSTR  OOPR  I  DAP 


COAT  CONL  CREA  CINT  CMAT  CSTR  COPR 


Schedule 

Data 


Supplementary 

Information 


CPLX  DSTART  OENO  ISTART 


TSTART  TEND 


i.o  os’?  8 


TECIMP  MULT 


GC  1610  8/77 


5 


id  ns  nr 


1  Software  Model 
i  Input  Worksheet 


Pfto^rc  t 


Filename: 
Page_L  of  l 


Application 


TvR  _( AL  Re PoRTiOCj  S-VSTE M 


it?  oct  t< 


Optional 


Descriptors 


INST  APPL  RESO  FUNCT  STRU  LEVEL 


70146  USBft  US 


New  Oesign 


MOAT  MONL  MREA  MINT  MMAT  MSTR  MOPR  I  MAPP  APPLE 


DDAT  DONL  OREA  OINT  DMAT  DSTR  DCPR  I  DAPP 


Device 

Types 


Quantity 


-Schedule 

Data 


TDAT  TONL  TREA  TINT 


OOAT  QONL  QREA  OINT 


CP  LX  OSTART  DENO  1ST  ART  IEND  TSTART  TEND 


\.o  tns  _ o 


O  O&T& 


Supplementary 

Information 


Notes: 


year  esc 

_ 


TECIMP  MULT  PLTFM  UTIL 


•  ft  .1 


CC  1610  8/77 


146 


mns/n 


Software  Model 
Input  Worksheet 


Filename:  5TNUA 
Page  _L  of  1 


Descriptors 


INST  APPL  RESO  FUNCT  STRU  LEVEL 

30000  t.SSS  t.S 


MOAT  MONL  MR  EA  MINT 

o 


MMAT  MSTR  MOPR  I  MAPI*  APPLE 


New  Design 


New  Code 


DOAT  DONL 

o 


I3REA  DINT  DMAT  OSTR  DOPR  I  OAPP 


COAT  CONL  CREA  CINT 

O 


CMAT  CSTR  COPR  I CAPP 


De/ice 

TDAT 

TONL 

TREA 

TINT 

Types 

O 

— 

— 

-  — . -  - . . 

Quantity 
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rmns/jn 


New  Code 


COAT  CONL  CREA  CINT  CMAT  CSTR  CO?R 


Quantity 

OOAT 

O 

QONL 

QREA 

OINT 

•  • 

Schedule 

CP  LX 

OSTART 

DEND 

ISTART 

IEN0 

TSTART 

TEND 

Data 

1.0 

0X1  & 

O 

o 

o 

O 

on8> 

Supplementary 

Information 

TEAR 

ms 

ESC 

\ 

TECHIER 

\ 

MULT 

1 

RLTFM 

.Z 

UTIL 

.1 

GC  1610  8/77 


APPENDIX  B 

PRICE-S  Model  Outputs 


•  ---  ■  FETCE  '  SOFTlilBE E  '  BODEC '  --- 
DBTE  T3-QCT-79  TTGE  21 !  IS 


PEOOECT  EBB 


’  EBELT '  NBEBTOG  EBDBE  ‘  OFEEBTTOB 


’  TBFOT  DBTB 


FTLEBBBE i ' STEBB 
BESCETFTOES 


DBTEDS  Z'OCT‘79 


‘  '  TBSTEUCTIOBS  '  ' 

E55PP . 

'  '  '  BFFGTCBTTDr< ' 

T3  7  E1T3D . 

'  '  '  ' EETOOECE . 

E.9PP  | 

‘  '  FUBCTTOBT. . 

P 

' ' STEOCTOFE 

13  ..13D13 . 

. LEVEL 

P-PPP  1 

8PFLTCBTTDB  CBTE5 

GETE3 . 

'  •  •  ‘  HEW '  BEVELGFBEBT . 

■  •  tysteb  corjpm 

EBTTGB  § 

I9TX . 

DEiTGB 

CuDE 

LthES  uuwrjiiii  g 

DBTB  'S-'-E . 

■  p_pp . 

'  '  '  13.1313 . 

TJ. 1.11] . 

P 

TJ 

■  □rjLTBt  ■  cnran  •  •  • 

P.PP . 

'  13.1313 . 

13.1313 . 

. P . 

'  P 

KEBLTTBE  C1C 

p_pp . 

'  '  '  13.131] . 

13.1313 . 

. P . 

•P 

TBTEEBCTTVE 

•  p_pp . 

■  • '  p.pp . 

13.131] . 

. P . 

: ' BBTBERBTTCBL 

p.pp . 

'  P.PP . 

P.PP . 

. ♦♦♦ . 

*  ‘  ♦♦♦ 

* 

‘  STETOG '  BBOTF 

ri_nr. . 

'  '  13.1313 . 

'  P.1313 . 

. ♦♦♦ . 

DFE  ‘  STSTEfl"  '  '  '  ' 

T.PP 

'  '  I.PP 

I.PP 

••.•••  ♦♦♦ . 

'  ♦♦♦ 

scbebole 

'  '  COPJFLESTTT . 

n.grm 

‘ ' DESIGN  STBET 

BFE  75 

'  '  TBFL ' TIBET  ' 

'13  . 

- T?JT  TIBET' 

p  •  • 

‘  DESTGB  EBB . 

p . 

'  '  TfdFL  EBP  '  '  '  ' 

'  P . 

- T?JT  EBD 

BOV  77 

SUFFLEBEBTBL  TBFG 

EBBTTOB 

• • YEFjE 

'1975 . 

'  ' ESCBLBTTOB 

' ’ T_ppp . 

- TECB  TBF . 

'  I.PP 

■  bolttfltee 

T-3PP 

'  ELBTEDF.rj 

T-S . 

- UTTLTZBTTDB'  ' 

P.53 

. EEOGEBW  CD 

TTT 

COST • ELEBEBTS ' '  ' 

. PESTGB '  '  '  ' 

....  ;JTrif?c;  •  •  • 

. TTT . 

' TOTBL 

’  ‘  SYSTEMS  EBGTBEE 

bibb . 

c.  0 1 . 

. 9.  '  ' 

. ISP- . 

' '395- 

‘  ' FE0GE3BBTBG  ' 

57  ». 

5?- 

. 79- . 

' ' 133- 

'  COrjFTGOESTTCfJ  C3GTE0L  ' 

. S3. - 

. IE.  '  ' 

. IPP- . 

'135-  ' 

DOCrJOEBTBTIOB 

. El'. '  ' 

. 3.  '  ' 

3*- 

CiP  -  \ 

'  '  PEOGEBO  BSBBGEB 

EBT . 

35.. 

3- 

. 19- . 

33. 

. TOTBL 

. 335. ' 

. SE.  '  ' 

. 3  PS- 

'  SS5. 

' ' BPDITTOBBL' 

DBTB 

BESCETFTDES 

'  TBSTEOCTTOO"  ' 

35513  T) . 

‘ ' BPPLTCBTTOB 

IP.95Z . 

' ’ ' EETOOECE . 

' E.9PP 

' E0BCTIQB7 . 

'  ES3 . 

STEOCTOEE 

P_PPP . 

'  ' LEVEL . 

P-PPP 

SCBEPOLE 

'  CDnFLEGTTT  ' 

T3„.?nn 

•  DESTGB  TIBET 

' BFE  75 '  " 

'  •  '  TBFL  TIBET '  ' 

’  ’  '  •  p . 

- T&T ' TIBET - 

.  .  p. .  .  1 
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FETCE  SDPTUHEE  BODEL 


DATE  13-OCT-Z?' 


PEODECT  EBB 


TTBE '  SI  M3 

. EBELT  UBEOTBG  EBDBE  '  OPEEBTTDO 


SEBSTTTVTT!  LBTB 


COBPLEKTTT 


;SDD . Z9DTJ . . . i;DDD 


COST . Z55 . ' 

'  COST . Z33 . '  ■ 

COST  '  ' ' 325. ' ' ! 

. E.8DD 

’  BOOTHS . T9.D 

■’  ‘  BOOTHS . 19.  D 

'  BOOTHS . 19.D  '  ’  i 

‘  E . 

•  “E . 

•  •  s . 

•  •  o . 

COST . Z95. 

i  '  COST . SE5.  '  S 

'  CDST . 3ZD.  '  8 

•  0  E.9DD 

'  '  E . 

.BOOTHS  '  19.  D  ' 

:  . s 

8 BOOTHS . T9.  D  : 

'  BOOTHS . T3.D  “  8 

c . 

"  ‘  *  E . 

‘  COST . SSZ  .  ' 

“COST  335. 

COST  ' 915  Z  8 

. 3ZUDU 

RDrJTBS  T9.D 

• 

'  BOOTHS . T9.D  ’ 

• 

'  BOOTHS . 19. D  ‘  8 

SCHEDULE '  EPPECT  SUBBBET 


. BCTTVTT!  LEB5TH  TO  BOOTHS 

CDrjPLE'iTT  (  =  u.Tnu  S  DE^TGfJ  TBPL  T  SI  T 

TOTBL  8 

‘  SPECTPTED  SCHEDULE  8 . D.D . O.D . D.D . 

. T9.U  8 

TD9EELBFT  8  . X  DZDT*  '  '  ’  X  D.DT . 

i 

••  ' TTETCBL  SCHEDULE  '  i . 5.3 . 5.3 . ZiS . 

. 13.9 - 8 

'  DEVELOFBEBT  COSTS 

’  ' ‘ t ‘ ' COBPLESTTT  =  D.9DD ' 

'  '  '  DESTGH . TBPL  T  I  T'  ' 

. TOTBL ' ' '  8 

SPECIFIED  SCHEDULE  '  ' 

. 335. . SE. . 3D3.  '  '  '  ' 

. SS5.  '  '  ' S 

I1RTCBL '  SCHEDULE 

335.  ct -  33 J. 

C  i  l 

■  ‘  ■  r . 

'  '  \  f  ESTIBBTED  PEOBLTI  ' 

•  • 

. t 

. ED. . 5. . £5.'  ' 

. 5D.' • ‘ ' r 
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PRICE  '  SOPTGBEE  '  EODEL 


. PBTE ' T3-0CT-Z9  ITBE  El i 22 

PROJECT  EBP . EBERT  '  WBROTfiG  '  EBDRE '  BPFCTCBTTOO 


. TBPrjT  DRIB 

EICEfJBPJE.*  STEBE . DBTEDi  '  2  OCT  19 


DESCRIPTORS 


’  •  TfJSTROCTTOfiS 

130500 . 

BPELTCBTTOB 

■  0.000  ' ' 

. RESnOECE '  ' 

'  2.300 

‘  EOfJCTIOrj; 

11 . 

' ' STROCTOEE ' 

0.000 

. LEVEL . 

' ' 0.000 

BPFRTCBTTDrj  C6T 

EGDRTES . 

. BEG  ■  PEVELDFREOT . 

. SISTER '  COBPTGORBTinrj 

RTS 

1  brJ 

bUi‘c 

rih'fcS 

UUbij  l  1  l  i 

'  PBTB '  S^R 

0.00 

■  0.00 

' 0.00 . 

. 0 . 

. 0 

■orjL'TrjE'cororj  • 

‘  '0.00 . 

0.00 . 

0.00 . 

. 0 . 

. 0 

' ' REBLTTBE  C" C ’ 

'  '  0.30 . 

'1.00 . 

. 13 . 

. 0 

'  ‘  TDTERBCTTVE 

13 

0.90 . 

■  1.00 . 

. 0 . 

0 

PJBTBEORTTCRL 

ri  %  13 1  j 

0.00 

0.00 . 

■  '444 

’  ’  STETOG  fjEiuTF  ’ 

■  '  n_07 . 

'  0.30  . 

1.00 . 

• ■ ■ • ♦♦♦ 

'  OPE  SISTERS'  ’ 

0.03  ' 

0.90 . 

1.00 . 

'444 

SCHEDULE 

' ' COBFLERTTT ' ' 

•  '  ■  T.nnri 

'  EESTGrj  ' STBRT 

'  ■  BPR'ZS  ' ’ 

' ' ' TRFL  STBRT ' 

■  ■  0 . 

. TST' STBRT 

0'' 

' ‘ DESTGG  EBD 

n . 

'  ■  ‘ IDFL • EGD 

- 0 . 

. TST ' EGD ' ' ' ' 

DEC  27 

sopplebeotbl  inF.CF.mnnn 

■ ■ VEER . 

■  '  '  19 75 . 

' ■  ESCBLBTTOO  ' 

l'.TlOO  ' 

. TECH  TRF '  ' 

' ' ' ' T.00 

‘  PJCILTTFLTER 

'  1.300  ■ 

' ' ' ELBTFOER  ’ 

1*2 . 

. 0TTLT2BTTDB 

' ' '  0.33 

. ERUGRBR  CO 

STS 

COST • ELEGEOTS 

. DESTGG  '  '  " 

. TRFL 

. T'S'T . 

' '  TOTBL 

’  '  SISTERS  EfiGTriEERiriG . 

. 1452. "  '  ' 

. 33.’ 

. 1403. . 

'  9*53*; 

U  «  “  •  J  » 

‘  •PEOGF.BRfiirjG 

. 31?* -  ‘ 

. 434.' 

. 574. . 

' •  1331. 

'  •COBPTGORBTTOri 

CONTROL '  '  '  ' 

. 243*  '  ’ 

. 143. 

. <375^ . 

' ' '13212 

‘  'POCOREBTfiTTCB 

. 193*'  '  ■ ’ 

. 40.  ' 

. 353. . 

' ' ' '592. 

'  PROGEBG  RBijBGtREfjT . 

. 193* - 

. 43.  ' 

. 190. . 

' ' ' ' 42?. 

. TOTBL 

- •  2^^  • 

. S09. ' 

. 3453. . 

'  3555  . 

' ' ' ' RDDITTOGBL ' 

OBTB 

DESCRIPTORS 

TfJSTEDCTIOrjS 

130500 

'  BFFLTCBTTOG 

•  ■  13  ^e-iT,  ■  • 

. RESOORCE  ' 

' ' '2.900 

•  EorjcTioriS' 

2003 . 

' STROCTDRE 

0.000  '  ' 

. LEVEL 

0.000 

SCBEDOLE 

’  CORPCEXTTT 

1.000 

•  '  nESTGfj  STBRT 

'  ' BEE ' 25 ' ' 

' '  TRFL  STBRT ' ' 

0 . 

. 1ST ' STBRT ' 

'  "O' 

'  DESTGG  EBD 

. 0 . 

'  ’  ■  IfJFC  ■  EDO  ■  • 

•  '  '  0 . 

. TST  EDO 

DEC  27 
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. ---  ■  PRTCE  '  SDFTOHFE  BODEL' '  — 

. DBTE  T3-0CT-Z9  TTrjE  '2TS25 

PROJECT  EBB . EBGCY '  OBRHTBG  EBD6R  BFPLTCBTTOO 


SEBSTTTVTTi '  DF3TB 


C0BHLE3TTT 


Z9UU . T.DOU . i:iDB 


'  'COST . 5355.'  ' 

'  '  COST . E23Z.  '  ' 

COST . Z335.  '  ' 

. Z.SDD' 

".'ROBTBS . ZD.n 

'  BOOTHS . 2D.D 

'  BOOTHS . ED.D  ' 

'  R . 

’  E . 

•  s . 

'  COST . S3Z3.  '  ' 

‘  "0 . 

'  COST . 5233.' 

!  COST . 5555.  i 

'  O'  ' 9DD '  ' 
"•R . 

" 'BOOTHS'  2D.D  ' 

•  .  • 

!* BOOTHS  - 2U.TT* 

BOOTHS  '  'ZD.D' ' 

L 

*  *  *E . 

- COST . 5531. 

n&in  ■ 

•  •  COST . 5933.  '  ' 

. 3ZDDD 

••.•BOOTHS . 2D.D' 

BOOTHS . 2U.D 

BOOTHS . HD.D 

: . 

SCHEDULE ' EFFECT ' S0BB5FT 


BCTT3TTY ' LEOGTH ' TO  BOOTHS 

•  ^  j-j  j- j-j  - 1 

' '  DESTGO 

'  IBFL . T  Si  T 

• 

. TDTBL  ' 

■ 

CDOFLESITi  =  I.  DUD 

• 

SPECIFIED  SCHEDULE 

. D.D '  • 

D.D  T3 .  TJ 

U.UT ' ' •  "S' D.DI . 

• 

. 2D.D 

• 

tUVEFUBF,1. 

T ' 

• 

• 

'  IT. 9 . 15. 3  '  ' 

• 

. 3D.T '  '  ' 

.  • 

L  cETCHL  SCHEDULE 

. 12.5 

• 

• 

COYEKLbh  \i 

. V 

5.ZT  '  T'5.5T . 

.  DEVELOFBEOT  LUST; 

'  '  '  ' DESTGO 

. IBFL . T  Si '  T 

i 

COPJPLE/iTT  <  =  I.  Firm 

TOTGL 

' SPECIFIED  SCHEDULE 

. Z5DD. ' 

. 3D9. . 3555.' 

'  5555.  ' 

'  i ' 

•TYETCBL  SCHEDULE 

ivilC't 

. STD.  '  '  2555. 

. SDD2. ' • ' 

1  •  t  ■ 

* ESTTBHTED  PEOGLTY ' ' 

. 

■  J  k  it  * 

. 293. . 192.  ’ 

,  ,  ,  . 

. 1553. - 
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FEDOECT  EBC 

---  '  PETCE  '  “OFTOBF.E  '  PJOEEL  '  -  — 

DBTE  T3-0CT-Z9  TTBE  '  El'S  2Z 

. EBEE'V 

. TBFOT '  DRIB 

GBEBTBG ' EBPBE ' 3 

TB0C.BTT0B 

ETL'EOBBEl  3TEBC 

. DBTEPl 

' 2 ' OCT ' Z3 

DESCETPT0F.3 

TB3TE0CTI0B3 

ZP2PP 

'  BFPLTCBTTOB 

p .  ppp 

. EE300F.CE '  ' 

' ' ' ' 2.9PP 

•  'EOBCTIOBS' 

. 13 

. STSOCTOEE 

'  P.PPP 

. LEVEL . 

' ' '  P.PPP 

BFFLTCBTTuB  CBTEG0ETE3 ' 

. BEG  PEVECOFIJEBT . 

'  SY3TEG '  COBFTGOF.BTTOB 

ra  x  & 

i»L  ;•  1  bij 

i.Ci't 

TYPES 

OOBul ITT 

DBTfi  > R 

13  ..13 13 

13.131] 

' P.PP . 

. P  . 

. P 

OBLTBE  COBB 

[J  t  !j  Ij 

'  13.1313 . 

p.pp . 

. P . 

. P 

EEBLTTOE  CSC 

ti  ./DU 

13.  CD . 

13.pi] . 

. P . 

. P 

TB i EEBl  TT 

n  _3r» 

T]  •  ■?!] 

T.PP' 

. P . 

. P 

f*Jb  IhJtrJri  l  I  L  hL 

ti  *  nn 

TJ.  TJTJ 

'  13.  T30 . 

. ♦*  + 

STETBG  ORBTF 

P.IP 

. P.SP . 

T.PP . 

. 

□PE '  SY3TEB3 

p.pp 

13.131] . 

13.  PC . 

. . 

. 444 

SCBEDOLE 

•  '  COBELESTTY ' 

1.131313 

‘  '  DESIGN  3TBF.T 

’  BOG ' IE 

. TBPL '  ZIBET 

'  •  p . 

. TST ' STBET 

. D  ■ 

'  DESTGB  EBP 

. 13’ 

. TPJPL  EBC*  ■ 

p . 

. 1ST ' EBP 

DCT  ZZ 

SOFELEBEBTBL  TBFOEBBTTOB 

' YEBE . 

'  1975 ’ 

. ESCBL'BTTOB 

’ ’ I . ppp ' • • ' 

. TECB  TOF ' ’ 

. T.PP 

BOLTIELTEE 

1.31313 

ELBTEOSB  ' 

1.2 . 

OTILTZBTTDB  P.E3 

. EEOGEBO  CO 

31“ 

COST '  ELEBEBT3 

. PESIGB  '  •  • 

. IBFL '  ' 

. rn  — 

'  '  '  TOTBL 

‘  ‘  SYSTEG3  EBGTGEEGTBG  ' 

. 135. •  '  '  ' 

. IT.  ' 

. I93L- ' ■ ' 

. 355  . 

'  '  FEOGEBBBTBG ' 

. 3i: ' '  ' 

. 5P. ' • 

.... ■ 

. SI.'  '  • 

. TIP. 

COBFTGOFBTTOB 

COOT POL 

C.C  . 

. 12 1 .  '  ' 

. isq: 

’  •DOCOBEBTBTIOB 

. IS. 

. 3.- 

. 35. ' '  '  ' 

. EZ. 

rriuo r. n rj  r3! Jrrotiijt ij  l 

1  L« 

5. 

. 23  . ' 

LUlhL 

235.  ’ 

. 36.  ' 

. 559.'  '  ' 

. Z33*. 

. BDPTTTOBRC ' 

PBTB 

DESCETPTGE3 

■  '  TBSTEOCTTOB3 

I1321313 

. RFELTCBTTOO 

3.3P3 ' ’ ' ‘ 

. BE300ECE ' ' 

'  2.9PP 

‘  '  E0BCTI0G3 ' 

1313 

' ' STEOCTOFE 

P.PPP 

. LEVEL . 

'  P.PPP 

SCBEPOLE 

• COBFLEaTTY 

T. 131313 

•  '  PE3TGB  “TRET 

ROG  ZS 

. TBPL  ‘  STBET  '  ’ 

p . 

. 1ST ' 5TRET ' 

. n  • 

'  DESTGlJ  EBP  ‘ 

.  •  D  ■ 

. IBFL ' EBP  • ' 

'  P . 

. 1ST' EBP ' ' • 

OCTZZ 
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. ---  PRICE ' SOETOBEE  DDDEL  — 

. DBTE  T3-0CT-Z9  '  TTBE  El! S3 

PROJECT  EBC . EBRLT '  OBRairaG  RBOBR  STBOLBTTDB 

. SEBSTTTVITY ' DBTB 

. coraRLEsm 

. ;900 . 1.000 . T- TTJTJ 


4 . . . 4 • . 4- 

m  ■  •  ■ 


. . . /!•••  COST . 535.  ' 

COST . Z55  .  ' 

’  ‘COST . 353.'  ' 

'  "BOOTHS  '  '  '  -15.13 

‘  'BOOTHS . 15.13' 

Ikmmmmwmmmh 

- s . ! . 

'  '  LOST . 919.  ■ 

!  COST . Z99.'  i 

•  O'  £.900  ' . 

* '  ‘ E . !  ‘BOOTHS . 15.13' 

t  BOOTHS'  •  15.13  i 

'  BOOTHS . 15.13 ' 

■  ■  c . i . 

'  '  E . S.. ...... ........... 

. r*  -.cast . Z53.  ■ 

'  COST . 353.'  ’ 

'  COST . 9ZE.  ’ 

. 3.000  t . 

. HOfJTBS . 15. 0 

'  '  BOOTHS '  •  15.T3 

•  BOOTHS . T5Z0 " 

t:.:  i;;.:;.::.: 


SCHEDULE  EFFECT  SOr.UBF.'Y 


BCTT 


v’TTI "  CEOGTU 


Tfj  ’  BOOTHS 


•  •  •  { 

•••*•••  COBPLESTTT '  =  1.13130 

DESTGO . TBFL  '  T  J  T 

. TOTBC 

' ’  t  ' ’ SPECIFIED  SCHEDULE 

. 13.0 . 0.0 . 0.0  ' 

15.0 

"  - 1 . TOVERCBFS . 

. I  0.05 . I  0.05' . 

■f  ■  IIRTCBC  SCHEDULE 
■  •  • ! . TOvERLBF*. . 

. 5.5 . 5.0 . 9.0 . 

. i  £.55  -  •  ve.zx . 

•  COraFLE'iTTT  =  1.000 


DEVELOFHEOT 
DESTGO 


COST 

irjFL 


1ST 


TDTBC 


1 ‘ *  SPECIFIED  3CBED0LE 

S . 

t  T7ETCBL  SCHEDULE' 


95. 

93. 


559. 


£3T 

’  '5 


555 
'  5 


i  ESTIRBTED  EELHLTT 
■  t-------- ------------ 


IT. 


155 


PETCE  EOFTHifiEE  BQEEL 
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. ---  PRICE  SOPT&tBKE  BOPEL  --- 

. DBTE ’ T3-0CT-29  ' IT RE  SIS 33 

project  •  ear . erect  •  obfotog  rbdbr  '  prog  '  tddc 


5EBSTTTVITT  DBTB 


COBPCE2TTT 


171)0 . ..SOD . 1900 


•  ‘COST . 5251  ‘  ‘ 

'  COST . 737-' 

''COST . 997.1'  : 

. 2; SOD 

'  BOOTES . 9-0 ‘ 

'  BOOTES . 9.0' 

BOOTES . 9-0'  '  S 

R . 

•  E . 

•  •  s . 

COST . 1005-  S 

o . 

‘  'COST . 5511 ' 

S  '  COST . SOS.  '  S 

'  0  21900 

‘  ‘  R . 

■  bootes . 9.0  ' 

s  . : 

S  ' BOOTES . 9.0  ! 

BOOTES . 9-0'  '  S 

■  ■  c . 

‘  •  E . 

*  •  'COST . 597-  • 

•  CDS!  899. • • 

'  '  COST . 1059-  S 

.  3-000 ' 

‘  ‘  BOOTES . 9-0  '  ' 

'  ' BOOTES . 9-0'  ' 

’  BOOTES . 9.0  '  ! 

. 

SCBEDOCE ’ EFFECT ' SOOOBET 


BCTTTITTT '  CEOGTE  TO  BOOTES 

Mil 

DESTGO . TBFC . TTT'  '  S' . TOTEL  '  ' 

"  '  t . "iOVERLEF  i 

. 0-0 . 0.0  0.0 . t . 9.D 

■ 

'  '  '  t  '. '  TYPTCBC  '  SCEEDOCE 
'  "  t . ID9ERLBF  i . 

4.J  *f.*J  5.5  s  12.0 

"  DEVECOFBEOT 

'  COSTS 

'  ' ' DESTGO . 

TBFC  ' 

m 

‘  '1  '.' COBPCESTTT  =  O-SOO  ' 

TIT' 

• 

TOTBC  $ 

•  '  ’  t ■ ■ SPECIFIED  SCEEDOCE 

.  S53 - '  ' ' 

'  95.  ' 

999. 

■ 

802. ' ' ' ' 8 

'  '  '  * . 

■  1 

t 

'  f ' ' ITETCBC ' SCHEDOCE 

See.. 

'  '  3S2.  ' 

• 

60I  «  • 

■ '  r . 

•  .  • 

'  ‘ r • ' ESTIBBTED  PEBBCT7 ' 

3T- 

£2. 

52. 

s 

121.  : 
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--  •  FRTCE  ’  SQPT&iBRE  '  fJDr.EC; 


DBTE ' T3-0CT-73 


TTfJE '  El'S  35 


PROJECT '  EBE . 

. . EBBLT  ’  OBEBTOG 

. TfJPUT '  DBTB 

'  EBPBE ' DBTB ' 

REDUCTTOCi 

PTLEfJBPJES  '  STEBE . 

. DBTEDi 

' E  OCT ' 73 

DESCRTPTDR" 

'  ’  TfJSTROCTTGfJ"  '  '  55500 . 

'  '  BPRETCBTTOri' 

o . ooo . 

'  ' RESOURCE '  ' 

■ ' s;900 

•  ‘  ELifjClTQrjS . 0 . 

'  '  '  STRUCTURE 

'  • 0.000 . 

LEVEL . 

•  0.000 

BPPLTCBTTOO  CBTEGORTES 

. BE© '  DEVEEDPBtrjT . 

'  SYSTEB '  CDBPTGORBTTpfj 

BT'i 

jJfc-O-  i  1?I3 

i„UL‘fc 

L  U: ti 

UL'nij  l  l  i  i 

•  DBTB'S/R . 0.00 . 

■  o.oo . 

■ o.oo . 

■  o . 

. 0 

•  orjLifJE  carjrj . o.oo . 

'  ■  ci. re . 

0.00 . 

■  0 . 

.  0 

‘  '  REBLTTUE  CSC  '  '  '  0.00 . 

'  0.00 . 

0.00 . 

0 . 

. 0 

•  '  TOTERBCTTVE . 0.00 . 

■  '  o.rr . 

• o.oo . 

0 . 

. 

13 

'  'filBTBEPjBTTCGL  Cl. PCI 

o.oo . 

0.00 . 

. . ...... 

. +++ 

..... 

‘  STRlfjG  DBCiTP  1.00 . 

i.oo . 

■ i.oo . 

'  ’OPE  '  SISTEBS . 0.00 . 

0.00 . 

0.00 . 

'  ♦♦♦ . 

♦  ♦♦ 

SCHEDULE 

•  COrjPLE'iTT'i . 0.300 

•  ‘  DESTGfi  STBRT  '  BuG  '  75 '  ' 

'  '  '  '  TfiPL • STBRT  ' 

•  0 . 

•  • 1ST  STBRT 

. 0  '  ' 

•  •  OESTGfs  EfiD  0 . 

'  '  IPJFC  EBP  "  " 

- 0 . 

■  1ST  EBB 

■  UBO  78 

SCiPPEEfiEfjTnC  TfjPDRPBTTDB 

•  '  TEBR . 1976  ’ 

'  ESCBLBTTOfl 

1 . ooo . 

'  '  TECB  TfjF  ' 

1.00 

'  ‘  0OLTTFLTEE . TZ30D'  ' 

"  "  ELBTPORro - 

■  t;.e . 

1  OTILTZBTTDrj - 0.53 

. EEQGEfiiJ  CD 

If 

f— 

1  > 

CDS! ‘ ELEBEBTS . 

. DESTS& 

ihpl 

'TTT' 

' ' TDTBL 

•  •  STSTEDS  ErjGTrjEEETfjG . 

. 113.'  '  ' • 

. ?. . 

- 97. - 

. El' I . 

‘  ■PRDGF.BCJPJTOG . 

. ?0Z  ’  ’ 

. E9. . 

•  ?0.  ‘ 

'  103. 

‘  ’  COfjPTGURBTTOfj '  CCDTEOL  ' 

. IT.  ‘  ' 

C  » 

•  5S.' ' 

•  TDCOrjEOTBITCO 

. TE. ' • • • 

2. 

- ET_- ■ • • 

*35.. 

'  FRDGEBU  rjfiOBGErjErjT . 

18*. 

'  E. . 

IT. 

31. 

. TQTBE . 

. 19?  . ' 

44.. 

EE6. 

5E5.. 

. BOPITTOfiBL 

DBTB 

DESCRIPTOR" 

’  THSTROCTIOfi"  '  '  '55500 

' ' BFELTCBTIQU 

E.31I . 

' RESOURCE 

E  .300 

•  ECirJCTTuri" . EES . 

•  ' ' ■ STRUCTURE 

■  o.ooo . 

’  ' LEVEL . 

0.000 

SCHEDULE 

•  •COPJFCEKm . 0Z300 

' *  DESTGfj  STBRT '  '  BOG  76'  ' 

'  ■  T0PL' STBRT  ' 

•  o . 

'  ' 1ST  STBRT 

. O'  '  ' 

'  '  DESTGfj '  EfiD . 0 . 

'  '  '  '  TFJPL  '  EfiD  '  '  '  ' 

TJ 

TST  EUD 

Jbfj  i  3 
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PPTCE ' SDPTOPPE  HD DEC 


DATE  '  13-0CT-73  TTPJE  2U3S 


PROOECT  EAE 


EBRL1  QIBEHIHG  RADAR  DATA  REPOCTTQPi 


SErjSTTIVTT!  '  DATA 


COfJPLE'iTTV 


;7DD . CSDO . 7930 


. . . .••!•••  COST .  555.  •  • 

•  ■ 

COST . 553.  {■  ••  COST . 557;  '  '  t 

. S.EDD  ! . 

. . i  RDATAE . 17. D 

.  •  .  • 

MOOT  AS . n.5'  f"  PJQATAS . 17  .  D  i 

'  '  R . ! . 

m  • 

■  e . m;. 

:  '  '  COST . 555.  :  J  COST . 57P.  x 

O'  2.9PD ‘  i . 

•  '  R  . 1  ’  PJOATBS . 17 CD' 

•  .  ■  •  • 

■  BOOTHS  17.  P  !  !  "  BOOTHS . 17. P'  i 

c  • 

****»*^*^*»»»^»**>»k>  '  * 

"E . 

. S . ! 

'  '  COST . 5S7.  *  COST . 532.  '  '  S 

. 3C00P  ' t . 

. . . i  'flOATBS . 171D ' 

•  • 

•  •BDfiTbS . T7i.Tr  •  i  '  BOBIRS . YZ1TJ  *  i 

x  x  .  :  x 

•fc:c:c;c:c;:c:c;:c:ci:fc.:^:c::c.;^.c.:c.tc:c;;c:fc:;c;c;:c:c:*' 

'  SCHEDULE  EPPECT  SOPiP.ARl 

BCTTVTT1 ' LEOGTA  TO  PJGOTHS 

'  DESTGO . TPJPL  '  '  '  T  '  £  T 

COOPLESTTl '  =  P  .SPP  ' 

TOTAL  ' '  i 

''■*•••  SPECIFIED '  SCAEDOLE 

P.0  Q.p  D.p 

lit  • 

X  iOtyERLAP  >. 

. t 

T.VRTCAC '  SCAEDOLE 

3.i  3.3  5.S 

. 9.2'  '  '  ' i 

'"t . 'OVERLAP?.  . 

. 11. 51  ' 1  1.31 . 

I  —  —  —  —  — —  —  —  —  —  —  —  — 

'  '  DEVELOPPJEAT  COSTS 

I  —  —  —  —  —  —  ——  —  —  —  —  —  —  —  —  —  —  —  —  — 

'  DESTGO . TPJPL '  T  Z>  T  ' 

COOPLESTTl  =  P.3PP 

TOTBL  ! 

. 195. . 55. . ZEE.'  '  ' 

f  ’SPECIFIED  SCAEDOLE  ' 

5i5.  5 

0 

* ' ‘ 1  * ’ TTETCAC ' SCAEDOLE 

. 159. . 35.'  '  '195.' 

5U2. ' ' ' ' i 

1  X 

'••f.-  ESTIMATED  FE0ALT7 

Ee>.  5.  32.  *  53.  * 

f“—“ - - - - 
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EETCE  '  SOETCiBPE  RODEE 


DBTE  T3-DCT-Z9  '  TIRE  '  EUPT 


EEOOECT EBP 

. EBEEV  MBEOTOG  EBEBE  CQBTEOL 

. TfiEDT  DBTB 

ETEEBBREi  ’  STEBE 

PBTEP: 

c.  GET  c? 

PESCETETGES 

•  ’  TFJSTErjCTTDBS 

• 5P95P . 

’ ' '  ' BEEETCETTOG 

P.PPP ' ' ' ' 

. RESOOECE '  ' 

' ' ' 2.9PP 

'  'EOBCTIOBS'  1 

. D . 

o»  T  ft  OC 1 0  ft  b 

P.PPP 

LEVEE 

P.PPP 

BPFETSBTTGB  CBTEGOETES . 

. BE  Hi '  PEVELGFREBT . 

'  '  '  '  SISTER  '  CDBE 

TGOEBTTCB 

■  RTS . 

' ’ ' DESTGB 

COPE . 

' '  ' ‘ TYEES . 

' GOBBTTTY 

•  •  PBTB  ■  S-J'E . 

■  '  p.pn . 

'  ’  '  P.PP . 

p.pp . 

. P . 

. P 

•  • oblige  ccrr  • 

■  n.SZ . 

■ ■ • • p.zp . 

T.PP . 

. P . 

. P 

•  BEBETTRE  CXC ' 

p.pp . 

■ •  ■ p.nn . 

P.PP . 

. P . 

. D 

■  '  TBTERBCTI VE 

p.pp . 

'  •  P.PP . 

p.pn . 

. P . 

. P 

' BBTBERBTICRL 

n.pp . 

•  '  P.PP . 

P.PP . 

. •*  +  * . 

. 

•  •  STETBG  RBBT  E 

p.pn . 

'  P.PP . 

P.PP . 

. *♦* . 

' • DEB ' SYSTE BS  ' 

P.1S . 

• ' '  p.zp . 

T.PP . 

. «*+ . 

. *♦* 

SCBEPOEE 

'CORPLESTTT' 

P.3PP 

PESTGB  ZIBET 

BEE  ZS ' 

'  ' TREE ' STBET ' ' 

■  •  •  o . 

. 1ST ' STBET • 

. P  ‘ 

•  DESTGB  EBE 

D 

■  TREE  EBP  ■ 

P . 

. TXT  EBP 

BOG'ZZ 

SOEEEEBEBTBL '  TGFGEBBTTGB 

'  ‘ YEBE .  T97S . ESCBLBTTCB  l'.PPP . TECB'TRE . T.TP 

•  BUETTEETEE . 1-STJD . ECBTEOEB  T.2 . CITIETZBTTOB  '  'D.<5 


COST  ECEREBTS  . 

'  ' SYSTERS ' EBGTBEEETBG . 

' ' EEOGEBRRTBG . 

' ' COGETGOEBTTGB  CDBTEOE  ' ' 

‘  ' BQCOREBTBTIGB . 

• ‘ PEDGEBR  REBEGEREDT . 

. TDTBE . 

PESCETETGES 

. EBDGEBR  COSTS 

. PESIGB .  TREE' 

. EPS. . IS. 

St. .  cP  . 

. 3P. . IZ.' 

E7.  5. 

. 33. . 5.' 

. 393. . IPS.' 

- BPDTTTGBBE  DBTB 

. TXT - 

. E5S. - 

. TPS.  '  '  ' 

. 153. - 

. 55.' '  ' 

. 3P. ' ' ’ ' 

. 599. '  '  ' 

'  TDTBE 

. sir. 

. E31. 

. EPP. 

. S3. 

. 5Z. 

' '  TTP5. 

'  TGSTEOCTTCBS ' 

5395  P 

' BPEETCBTTOB  ' Z.PE9 ' 

. EESOBECE ' ' 

E^SPP 

‘ ' EOBCTIOBS 

611 

STSUCTOEE  P.PPP 

'  LEVEL 

P.PPP 

SCBEPOEE 

COREEESTTT  ' 

• ' DESTGB  ST BET 

' ' PZ3PP 
'  ' BEE  Z  5 ' 

'  '  '  TREE  '  STBET . P . 

. TXT  STBET' 

. P'  ' 

‘ ‘ DESTGB  EBP  *  * 

. p . 

'  '  ’TREE  EBP . P . 

. TXT  EBP  ' ' 

• ' BOG  ZZ 

FBTCE  '  SOFTf.ifiFE '  MODEL 


. PBTE  13-0CT-Z3  '  TIME  '  21'S  52 

FEO'JECT  '  EHF . EBELY  GIBBBTOG  '  BBPBR '  COOTEDL 


SEBSTTTVITY ' DBTB 


COBFLEKTTY 


. 1800 . Z900 . 

. i:ooo 

'  COST . 32?  L'  ' 

'COST . 1053.-' 

• 

COST . 1153.  '  '  S 

. 2.300 

"  '  BOOTHS . 16.0 

‘  BOOTHS . 16.0’  ' 

• 

BOOTHS . 16.0  "  J 

‘  '  R . 

. I 

‘  E . 

•  s . 

'  '  □ . 

'  COST . 1030.  ' 

• 

i  '  COST . 1106.  i 

'  '  COST . 1220.  ’  ’  ! 

'  '-'O’  '  21300 
'  '  B . 

•  c . 

"'BOOTHS'"'  16.0" 

•  m 

i  BOOTHS . 16.0  f 

• 

‘  BOOTHS . 16.0'  f 

• 

‘  ‘  ‘E . 

• "COST . 1033.  '  ' 

‘  ■  COST . 1165.  • 

'  COST . 1233.'  '  i 

. 3.000 

BOOTHS . 16 -0 

BOOTHS . 16.0 

. .  ’  '  *  *  *  .5 

BOOTHS . 16.0  '  • 

• 

SCHEDULE '  EFFECT  '  SOBBBEY 


'  BCTT^TTY  ‘  LEOGTB  TO  BOOTHS 


-J 

'  '  "  DESTGO ' 

. TBFL ' 

• 

'  COBPLE&TTY  =  0.300 

T  S  T ' 

•  * 

•  '  *  1* 

• 

*  SPECIFIED ' SCR  EDOLE ' 

•  • 

. 0.0 

.  0.0' ' 

. o.o . 

. 16.0'  i 

J 

'.OYEELGF.i 

• 

T 

0.07.  '  "C 

0.01 

• 

**•«* 

' TYETCBL ' SCHEIOLE  ' 

• 

'  * 

. 6.0  ' 

■  • '5:3' • 

'  '  '  •  s.6'  "  " 

. 15.?'  ' ' J 

'  '  J 

•  toyeblbft 

• 

T 

2.51  T 

C  *  ■J.-l 

DEVfcLUFBEOT  CQiT-i 

*  — 

CQOFLESTTY ' =  0.300 

• 

'  ' DESTGO 

• 

m 

TBFL ' 

- T'S'T - 

. TDTBL  s 

s  — 

• 

•  •  t  • 

‘ SPECIFIED ' SCHEDULE 

• 

. 333. ' 

. 103. 

. 533 . ' 

110^.  S 

■  ■  t ' 

• 

. 333.' 

. 103. 

. coo . 

■  ■  1  " 

' TYETCBL ' SCHEDULE 

i 

.  :  : 

"I" 

•  •  f- 

' ESTTBBTED  FEUF3LTT ' 

• 

_  »■ 
• 

"OZ 

0. 

* . i 
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---  '  PETCE '  SOPT&iBEE  BCPEC '  --- 
PBTE  T3-0CT-Z9  TTRE  21 S  55 


FECDECT  ESG 


EBELT  '  OBEHTBG '  EBDBE  '  STGGSL  PEDCEZZOK 


. TBFOT  DBTB 

ETCEfiOBE i  ’  STEBG . DBTED!  2  ’  DCT  7? 


PESCETFTOE3 
"THSTEOCTIDBS '  725D' 

‘  ‘EOBCTIDB" . 13 


SPFLTCBTTOO  CBTEGOETEZ 


PBTRIZ-E . 

■  OHLTBE  CQBB  ' 
'EEBLTTBE  C"  C ' 
‘  TBTEEBLTTVE 
' BBTBEBBTTCRL 
’STEIBG  BBBIE ' 
'  DEB '  SISTERS  ’ 

SCHEDULE 
'  '  CGBFLESTTl  ‘  '  ' 
'  *  PESTER  STBET 
'  PESIGB  EBP 


6FFLTCBTT00  ' P.PUP' 
'  STRUCTURE . p.pfin  • 


’  BEG  ■  PEVELOEDEBT 


SOEELEMEBTBL '  TBFORPJBTTDG 

‘  '  7'EBE . 1975 . ESCBLBTTOB - TiPPP' 

BLOTELTEE . 1..3PP . ELBTEGER  1.2  '  '  ' 


■  EEZnrjECE 
•  LEVEL 


2.9PP 

p.ppp 


'  SISTER ’ COBETGOEBTTCB 


RTS . 

' PESTGB 

' CODE . 

'  ■  '  TtPES . 

DUBBTTT 

'  mop . 

P.  PQ 

p:po . 

. P . 

. P 

tj»  17*13 

'  p.pp . 

p.pp . 

. P . 

. P 

■ i.pn . 

l.PP 

i.pp . 

. P . 

. P 

Ti. PD 

'  P.PP . 

■ p.pp . 

. P . 

. 1} 

. 

P .  P  P 

'  P.PP . 

■ p.pp . 

. +♦+ . 

'  P.PP 

'  P.PP . 

■ p.pp . 

. . 

'  •  +*♦ 

P.PP . 

P.PP 

■  p:pp . 

. . 

*  444 

T.2PP 

jrjL  i  t. 

‘ ' IBFL  STBET 

'  ■  u . 

. 1ST ' STBET ’ 

J}  ' 

0 . 

- IflFL  EBP 

. 0 . 

. 1ST  EBP 

BOG  Z 

'  TECB ' TBF - 

OTILTZBTTDB 


T.PP 

P.75 


FEOGEBB  COSTS 


COST  '  ELEBERTS . PESIGB  TBPL . 1ST . TOTBL 

'  '  SISTERS  '  EBGTBEEETB5 . 75: . 5. . 63. . WD. 

'  '  EEOGESBBTBG  . 11  - . TZ. . 26  Z . 55  Z 

'  ' COBETGOEBTTOB  COGTEOL . 12. . 5Z . 3P. . 55. 

'  ‘  PDCDBEBTBTTCB . 8. . TZ . T9Z . 2PZ 

’  ' FEOGEBB  RBBBGEBEriT . 5. . 1. . SZ . 12. 

. TQTBL . TIP: . 27Z . 133. . 272. 

. BPPITTOBBL ' DBTB 

PESCETFTGES 

’  '  TPiSTEOCTIOBS . 725 P . BPPLTCBTTOB  '  3.5SP . RESOURCE . 2Z9PP 

'  ‘  EOBCTIOBS . 8P . STEOCIOEE  PZPPP . LEVEL . PZPPP 

SCBEPOLE 

’  '  COBPLESTTT . 1Z2PP 

•  ‘  PESTGB  SIBRT  '  '  3CC  75 . TBFL  '  STBET . P . 1ST  STBET . P  '  ' 

'  ‘  PESIGB  EBD  P . TBPL  '  EBP . P . 1ST  EBP . BOG  77 
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. ---  •  PRICE  SCPTfoBEE  KOPEC.'-- - 

. DBTE ' T3-0CT-79  TTBE  21S57 

PEODECT  EB5 .  EBRLY  ‘  W5EfJTB5 -  EBM3R  ’  STGBBC  *  PROCESSOR 


SENSITIVITY ' DBTB 


COBPCE&TTY 


. KIDD . 

. I. 200 . I.  300 

. S  '  COST . 2551  •  • 

‘  'COST . 259-'  ' 

COST . 275.  ' 

£*800  • 

. .1*  flOfiTHS . 13-0 

'  •  BOOTHS . 13-0'  ' 

'  BOOTHS . 13.0  '  ' 

'  E . S . 

■  'E . 

•  •  •  s . s . 

0 . 1"  •  COST . 253 ' 

'  COST . 239.' 

S  '  COST . 272.  '  S 

'O' 'S:gnn  : . 

■  B . S  -BOOTHS . 13.0 

S'  •  BOOTHS . 13.0  I 

BOOTHS . 13.0' 

■ ' '  c . s . 

'  COST . 235.  ' 

'  COST . 303.'  ' 

. 31000  ‘ S . 

’ ‘ BOOTHS  '••'13.0' 

'  BOOTHS - '13.0' 

. J . 

SCBEDOCE '  EEEECT  SOBBHET 


ACTIVITY ' LENGTH  TO ' BOOTHS 

'  '  '  DESTGO . IBPC . T  Si  T  ' 

. TOTBL . 

*  SKfcL  Ifc  IbU  ilHEULiLE  5  U.U  U.U  Q.  0 

'  '  S . IOVERCBPI  i . 1  0.01  '  V  0.01 . 

. 13.0 

•••*••  TYETCBC  SCHEPOLE  '  s . 5.9 . 5.7 . 5.5 . 

•  '  •  S . YOVEECBPT . S . T  '  2.51  '  '  *1 ' 2.51 . 

■  •  •  --------------------------- 

. 11.2 - 

. DEVECOPBEOT ' COSTS 

iMHi  '4  S 

DESTGO . IBPC . T  Si  T  '  '  ' 

TOTHL  S 

•••S' SPECIPTED ' SCHEDULE 

. 110. . 27. . 135.  '  '  ' 

J 

• 

'•  t  TYETCBC ' SCHEDULE 

1  08  —  c  w  —  1 33  — 

ctjb  —  • 

t 

•f  ESTTOBTED  PEBBCTY 

2.  0.  2. 

. 5; - s 
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--- '  PETCE '  SOETOBEE  RODEE  '  --- 
DBTE  T3-0CT-73  '  TIRE  PPi'35 


eeogect  eeb 


BTE  ’  TEBEETC  CORTEOE  GEEEBTTDRBE 


FTEEREBES ' STEEB 


'  THPOT  DBTB 


DBTEPi  '  7  ’  OCT  19 


DESCRIPTORS 


‘  ’  TB3TE0CTT0R3 '  ' 

3P5PP 

. BEELTCBTTOR ' 

PI.  DPP  ' ' 

. EESOOECE  '  ' 

■ ' 3*2PP 

■  eorcttors . 

. P 

. SIEUCIOEE 

p_ppp 

. LEVEL . 

BEEETCBTTDR  CBTEGOETES  '  ' 

. REG  DEVEEOERERT . 

. SISTER ' CORETGDEBTTDR 

RTS 

PESTER 

COPE 

TYPES 

QOBRTTII 

DBTB  S/R 

p  *PP 

. P..PO . 

D_pp 

. P . 

•p 

• ‘ ORETRE  COBB  ' 

TI.PP' ' ' 

. p_pp . 

' p_pp  '  '  '  ’ 

. P . 

. p 

'  EEBCTTBE  CSC  ' 

'  '  P*PD  ' 

. P_DP . 

' p_DO . 

. P . 

p 

•  •■IBTEEBCmE 

p..pp 

. P-PP . 

P_PD . 

. P . 

. p 

'  'BBIBEBBTICBL 

P_PP ' 

. P..PD . 

D_pp ' 

. ♦♦♦ . 

■  •  •  ■  ***. 

STETRG  RSRTE 

fi Ij  Tj 

. P-PD . 

'  D*0P 

. . 

.... 

' ' OPE ' SISTERS 

I. PD 

. D*5D 

T  *DP 

. . 

.... 

SCBEPOLE 

‘  '  CDBBEESTTT  '  ' 

'  1VSPP 

‘ ' DESIGR  STBET 

'  GBR  73 ' 

. TREE ' STBET  ' 

p . 

. 1ST  STBET 

•  •  '  p  ■  •  • 

'  EESIGR  ERD 

0 

. TREE ' ERD 

P . 

. T£T  ERD  • 

•  gor  se 

SOEFEEBERTSE  TREDERBTTOR 

' ' IE BE  . 

.  .  <:q-3  •  ■  • 

. ESCBLBTTOR '  ' 

■  1'iPPP  ’  ' 

. TECH  TRP  • 

■  i*pp 

'  ROETTEETEE 

\'*3DP 

EE6TE0ER 

'  1*2  ' 

. OTIETZBITDR 

P*75 

. FEOGEBB  CO 

STS 

COST ‘ ELERERTS ' ' 

. 

. DESIGR '  • ‘ ' 

. TREE 

.  1ST . 

TOTBE 

‘  SISTERS  ERGTREEETRG  ' 

. 37D.  ’  ■  ’ 

. 3P* ' 

. ?P.2  ^  • 

■ ’ ’ ' SS2 * 

• ‘ PEQGEBBBTRG 

. 32. '  •  ■  ' 

. 123. 

. IBS. . 

’ ' ' ’354* 

CORFTGGEBTTGR 

CORTEOC 

•  TIP. '  • • 

. 273* . 

‘ ’ ’ ' 327  Z 

' ‘ DOCORERTBTTGR 

11  *. 

' l'Dl.  ' 

'  173* 

PEQBr.'HB  BRBttOcGEBT 

2*.. 

. 12* ' 

. 32. 

TOTBE 

•  ’6P5. '  '  '  ' 

. 215* ' 

. 1112. . 

'  1333. 

. BDDTTIORBE 

DBTB 

DESCETPTOES 

TR^TEOCTTGRi 

3P5DP 

BFFETCBTTDR 

1 D.352 

'  ' EESOOECE '  ’ 

‘ ' 3*EPP 

'  FORCTTORS  ' 

35P 

' ' steoctoee 

P*PPP  ' ' 

. LEVEE . 

'  '  ’P*PPP 

SCBEPOGE 

’  COBFEESm 

I.3PP 

'  TESTER  STBET 

’ ' GBR  73 

. TREE  STBET ' ‘ 

’  '  •  ‘  p . 

. 1ST' STBET  ‘ 

- p-  *  - 

‘ *  TESTER  ERD - 

- 0 - 

. TREE ‘ERD - 

- P . 

. 1ST,*  EOT - 

‘ ' GOR ‘ 75 
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.  . ---  PRICE  SGFTHiHRE  OOPEC  — - 

. DSTE  T5-OCT-79  TTBE  pps  35 

PROJECT  EEH . BTR  TRHFFTC  '  COOTROL'  '  OPEEBITOOBL 


SEHSTTTVTT'i;'  DRIB 


Tigrirj 


'  COOFLE'iTTT 
'  '  T.5PP  ' 


T.5PP 


E' 

E 

S’ 


511 T3TJ 


COST 

PiomFic 


1751. 


'  COST ' 


'51.  P 


BOOTHS 


1S5D. ' 
51.13 


COST . 1931.  ' 

BOOTHS . 51. P 


0 

0 

E 

C 

E 


COST 


'  1359. 


!■ '  COST 


'3.21313 


f  '  '  BOOTHS 


'51.13 


' BOOTHS 


1933.  : 
51.13  : 


COST 

BOOTH' 


t 


?  13313. 
51.13' 


'  COST 


1933. ' ' 


COST 


•3.313U 


'  '  i"  '  BOOTH' 

4- . 

m  ^.1 11 1^ 


5I.TT  '  8  '  BOOTHS 

. S . 


21327.; 

51.tr 


COST 

BOOTHS 


31313. ' 
51.t» 


SCHEPOLE  '  EPPECT  '  SOBEHR't 


BCTTVTTT  '  LEOGTB  '  TO  BOOTHS 


■  •  •  r---------------- — 

'■•S''  C0BPLES1TT  =  1.51313 

. PESTGO . TBFC . TUT 

. TOTBCI  '  ' 

• 

.......  SpECIpIEIj  iCHEPOLE 

TJ .  lj  T1 WT1 

51  .P 

S'  S09EELRF1 

C  P.PT  £  P.P1 

'  "  8"  ' TTETCBL ' SCHEDULE '  '  ' 
"  8 . T09EELBP! . 

. 12. P . 12.9 . 13.3 . 

. T'6.91  •  '  *£'7.51 . 

. 29.5'  ' 

' ' '  PEVELOPREOT  COSTS 

COBPLESTT 1  =  1.5PP 

PESTGO  '  IBPL '  T ' S ' T ' ' ' ' 

. TOTBL  ! 

•  -  - 

. BPS. . 215.  '  '  '  1112.  '  "  ' 

....  •J.Q^  •  ■  ■  . 

. 552 .  '  199. . l'P22.  '  '  '  ' 

lcS>4.  • 

'  ‘  S' . 

. 53. . 15. . 9P7  '  '  '  ' 

. 1597  '  '  "8 
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PETCE  SOFTOBEE  PlGDEL 


DBTE  T3-0CT-79  TTfi<E'EO!33 


PE03ECT  EBB 

. BTE 

TRBPPTC  COrjTRDE 

UTTETT  t 

. TBPrjT  ■  BBTB 

FTL'ErjBftE  1  'STEEP’ 

. DOTED! • 

7  OCT  79 

DESCRTPTDES 

‘  'TrjilRCirTTCrjT 

CEDED 

. BPPETCBTTDfJ ' 

'  13:131313 . 

' ' ‘ ' RESOURCE 

’ ' ' 3. GEE 

FrjncTTOfjS ' 

. e 

. STRUCTURE 

E-DOB  ‘  ' 

LEVEL 

E-EEE 

BPFETCRTTCrj  CBTE 

GDRTES ’ ' ' 

. SECT  PEVELCFBEHT . 

'  GYSTEPJ  COrjRTGURBTTDrj 

PITS 

lit:  iwj 

UJl't 

l  tht-l- 

uunu 1 1 1 1 

'  DBTB  S>R . 

'  ’  E.EE ' 

. e-ee . 

13 -EE . 

. E . 

E 

•  •  dbetbe  cum 

1.  nrr 

. E.5E . 

1  -EE . 

. E . 

. E 

•  •EEfiETTPjECEC 

13  ^EE  • 

. E.EE . 

E-EE  . 

. E . 

. E 

TOTERBCTTVE 

li.r.n 

. TKT1T} . 

E-EE . 

. 13 . 

. E 

• ‘ 0BTBEP3BTTCRL 

E.EE 

. E.EE . 

■  E-EE . 

. ♦  . 

•  'STPTPjG  ‘  PjBPjTF  ' 

FI .  TjTl '  ' 

. 1371313 . 

■  E-EE . 

. +•*•*• . 

•  '  OPE  STSTEPlG  • 

E  IDE  ‘ 

. E.EE . 

E-EE . 

. 4>*- . 

SCHEDULE 

COrjFLE'iTT'i 

' Y.5EE 

• • DESTGH  STBET 

'  GBPi  73 

. TRFE  S-TBRT ' * 

•  E . 

- TLT' STBRT 

•  '  •  • E'  ‘  ' 

' ‘ DESIGN  1  EBB - 

- 13 - 

. TP1PL"  EPiI' - 

- E . 

- TET • EOD  ‘ 

•  •  uurj  75 

SOEPLEBEPaTBL  TfjFGFPjBTTQrj 

‘ • 7EBR . 

' ' 1973 ' ' 

. ESCELBTTOPJ  ' 

• ' Y-EEE ' 

TECB  TOP ' ' 

• '  T-EE 

' ‘ HOLTTPLTEE 

T-3EE 

ELBTFOEPJ 

T-2 

UTILT2BT  ID.j 

E.5  j 

. FROGRBPl  ■  CO 

GTS 

COST ’ ELEPJEPJTS ' ' 

. DESTGP4 '  '  '  ' 

. TAPE ’  ' 

' ' ‘ TOTBE 

'  '  SYSTEMS  EPJGTrjEEETOG 

. 232.  ’  ' 

. 22.  '  ' 

'  3EE- ’ 

•  •  EEDGEBWrJTr.'G  ’ 

. SB* '  '  ’  ' 

. 9D-  '  ’ 

. 123- . 

' ’233- 

•  '  COrjEIGOEHTTOfi' 

CDBIROE  ' 

. 72:  ■ ' 

. 29-' 

. 1ST . . 

‘ ' 231 . 

’  "  DQCOrjEBTBTTDB 

. S3..’  ' 

O  «. 

. • 

US*. 

’  ’  PKGGEBP)  PiBfjBGEBEBT . 

. T7- '  ' 

. 35  _ . 

52* 

TuTBL 

335. 

15Z* 

1  C.4  L.  * 

. BDDTTIOrjBL 

EBTB 

DESCRIPTORS 

•  '  TfiSTEPJCTTDPjS ' 

EEEEE 

. BFFL'TCBTIDr* 

S.T5S . 

' ' FEGDURCE ' ' 

■ '3-2EE 

FOBCTTDPjS 

. STRUCTURE 

E-EEE 

LEVEE 

E-EEE 

SCHEDULE 

'  '  COftPLEfcTTT  ’ 

•  I. SEE 

■ ' DESIGB  STRST  ' 

MU  73 

. I PIPE  '  3TBRT 

•  E . 

' ' ‘ ‘ TLT  STBRT  ' 

■  E  ' 

DESIGH  EBB - 

•  •  •  ’  13'  '  ‘  ' 

. TPJPL  EBB  ’ '  ’ 

•  •  ’  ‘  E . 

- TST ' EBB 

UUrj  73 

. ---  FKTCE  SDFTOSFE  BODEL  - 

. BBTE  15-DCT-73  TIRE  OOJ5I 

EBO:«£CT '  EEE . BTE '  TEBFFTC  CGOTROL'  '  OTTLTT' 


SEBSTTIOITT  DBTB 


COBELEETTS 


. 1.500 . I.  50n . 

. 1.500 

'  COST . IMF.;’ 

'  COST . lies*’  ' 

'  '  CDS! . 1237*  '  •  S 

. 3.100 

booths  51*0 

'  BOOTES . 51.0 

BOOTHS . 51.0'  ! 

E . 

•  E . 

s . 

0 . 

■  COST . 1202.  ■ 

i  "‘COST*’*  "“i25sl"i 

COST . 1233.  '  •  l 

0  3*.c^P0 

•  E . 

c . 

BOOTES . 51*0 

■  4 

J  BOOTHS'  '51*0! 

'  BOOTHS . 51.0  ! 

E . 

'  '  COST . 12521  • 

'  COST  • • 1305. ' • 

‘  ’  COST . 1350.  •  •  i 

. 31300’ 

•  BOOTHS’  •  51.0 

•  ’  BOOTHS . 51.0'  ' 

BOOTHS . 51.0  ! 

SCHEDOLE  '  EFFECT  '  SGBBI3E7 


. HCTTBTTT • LEOGTB  TB  BOOTHS 

•••«■■  CQBPCESTTT  '  =  1.500  i  ’  '  ’  DESTGfJ . TBPC  '  ‘  T  '  Si '  T  ' 

. TOTBL  ' '  i 

1'  SEECTFTED  SCHEDOLE  J  0.0  0.0  0.0 

'  '  1 . TQOEELHFT . t . 1  0.01  *£  0101 . 

51.0  ’ ’ ' S 

s  • 

•  ■  •  r  '  TTPICBL  '  SCHEDOLE  ’  ’  ’  t . 11.0 . 11  IS . 17.2'  ’  ’ 

. 25.3 '  ! 

. OE'iELOPf.'EfaT  COSTS 

*  — 

* 

'  '  DESTOra  '  TBFL 

‘  COBPLE/iTTT  =  1  .500 

T  '  SI  T  ' 

• 

'  TOTBL  ■■■•. 

t  — 

'  '  '  ‘ 3351 . 157. 

'  '  '  705. ' 

• 

'1257. - i 

•  ■  r  ’ 

' SEECTFTED  SCHEDOLE 

• 

•  •  ■  f 

• 

- 355. . 151.  '  ' 

' '  '525.' 

• 

m 

' TTETCBL  SCHEDOLE 

4 

■  f 

4 

t' 

'  ’  ‘  f 
■  ’  ’  t - 

' ESTTBBTED ' PEBBLTT  '  ' 

4 

’  33.  15. 

' ' 30. ' 

4 

•  135. ' • • ■ { 
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---  PRICE  SOETOBF.E 

MODEL '  --- 

PBTE  15-DCT-I? 

TTBE ‘ BBJ  53 

FR03ECT  EEC . 

' BTP  TPBPPTC 

CONTROL ' BBTB  REDUCTION 

. TNPOT • BBTB 

PTLENfiPiEi  ’  STEEL 

. PBTED! ' Z ' 

OCT ’ 73 

DESCRTFTORS 

1  ri-'i- 1  k.UL-  L  T  OTuo- 

TSBEE  ' 

BPPLTCBTTON 

1?  .  Till  I] 

RESOURCE - ' 

' 3 -EBB 

■  •  functions . 

. 0 

. STRUCTURE 

' P_EEG . 

'  • • LEVEL . 

B-BBB 

0FPLTCBTTON  CBTEGORTES 

. BE  Til '  PEVECGFfjtr.iT . 

'  SYSTEM  CONPrur 

RBTTON 

'  MTE  ■  ' 

. DESIGN 

' CODE . 

TYPES . QOBNTTTY 

'  TBIB'C/E . 

' ' B-BB 

. P..BB . 

B-BB . 

B 

u 

'  '  ONLTNE  CONN 

' '  B.EB 

. E.PB . 

B-BB . 

. B . 

■  B 

‘ REBLTTNE  CLC 

'  B-EB '  ' 

. B.EB . 

B-BB . 

. B . 

■  B 

’  '  TNTERBCTTVE ' 

'  B-BB 

. B.EB . 

B-BB . 

. B . 

B 

' ‘ BBTBENBTTCRL 

E_EB 

. P..BB . 

' B-BB . 

'  ' 444 . 

‘  '  444 

‘  ‘  STRTNG  '  P1BNTP  ' 

'  '  Y..BB '  ' 

. BZ51J . 

I-BE 

'  ‘  444 . 

'  444 

‘ ‘ OPR ‘ SYSTEMS 

B.EB  ' 

. B-BB . 

’ B-BB . 

'  444 . 

‘  444 

SCHEDULE 

‘  ' COMPLEXITY ' ' 

TJ5BB 

'  DESIGN '  STSET  ' 

'  •  .'JfiB  73 

. TMFL ' STFRT '  ’ 

B . 

•  ‘  TSIT  STBRT  ’ 

■  B  ’  ' 

• DESIGN • END' 

B  '  ' 

. TBPCEfiB 

B . 

'  ■  ’ TLT ’ END . 

SUN  ZB 

SORFLEBENTBL  TNPCRNBTTON 

•  '  YEHF. . 

'  T973  ' 

. ESCBLBTTON  ' 

• ■ t;bbb . 

' ‘ TECN  TNP . 

'  I. BE 

MULTIPLIER  * 

■  I 13BB ' 

. ELBTEOEM  '  " 

”112 . 

UTTLTZBTTON  * 

BL75 

. FROGRBM  CD 

STS 

C-DCT  ELEMENTS ' 

. DESTGN 

tmpl 

""TTT . 

' TOTBC 

'  '  SYSTEM  ENGINEERING  '  *  * 

. 6b;- • ' • 

. 5  - '  '  ' 

. 75- . 

'  T5B. 

fcBUlir.rjr’jr'j  i  rjn 

5. 

SB- 

31. 

55- 

'  ' CONETGORBTTON 

CONTF.OL ' 

It'-. 

. F.  ^  '  ' 

. 5D. . 

'  BE. 

’  POCURtNTBTTDN 

. TB. ' 

'  ’  E.  '  ' 

. 15- . 

'  E5- 

FEUURBM  r’bfjpL’ii 

RENT ’  '  ’  ' 

5  - 

2*  ‘  ' 

c  - 

•  '  13- 

. TOTBC 

. 95^ *  ’ 

35- 

. yes : . 

E9Z- 

. BDDTTTONBL 

BBTB 

DESCRIPTORS 

■  '  INSTRUCTIONS 

13BBB '  ' 

. BPPLTCBTTON 

E.311  . 

' RESOURCE . 

'  3. EBB 

FUNCTIONS 

EBB 

5  tPOC l Ofi  E 

' B.BBB . 

'  ' LEVEL . 

B.BBB 

SCHEDULE 

CCr’FCE'.TT'. 

1  -S.BB 

DESIGN  TIBET 

nbn  r?. 

TMFL  STBF.T 

B . 

'  ’ 1ST  STBRT'  '  '  ' 

B  '  ' 

DtTI'Vi  END 

B 

TMFL  END 

B . 

'•‘TSIT  END  . 

SION  ZB 

. --- ' FGTCE ’ SOET&BEE ' BGPEC ' - 

. DBTE  TS-0CT-I3  TTBE  PPSS5 

PED'JECT  EEC . BTE '  TEBEETC  '  COBTEOC  PBTB  EEDOCTTOO 


SEriCTIT VITii '  PBTB 


COBBLES! TT 


T.SDP . I ;  5DD . TL5-PD 


. S'  'COST . 232:  • 

a  • 

■  '  COST . 2851 '  '  S - COST . 2331 '  '  S 

•  norjTFj-i'  *?\*d 

BOOTHS  Sl.P  S  BOOTHS  SI. 33  S 

'  E . ! . 

*  "E . s :  Li  li  :::::::: 

*  *  *0 . S - COST . 23S1' 

S  '  COST . 237.  S’ S'  ‘  COST . 31311  '  '  S 

■  0  '312PP  • . 

■  r . j-' bootbs . si:r  • 

•  •  a  • 

•S  ■  BOOTHS '  SI. 13  Si  BOOTHS . STITT'S 

'  c . s- . 

e . • _ _ _ _ . 

• 

. S'-  'COST . 3135 :• 

a  a 

'  COST . 3133.-  COST . SIS.  '  S 

•3a.^UU  ■ 

. f  -BOOTHS . STITT  ‘ 

'  •  ROB  TBS . Sl.P  S  BOOTHS . SI.D  '  $ 

a  a 

SCHEPOLE  '  EEEECT  '  SGOOBET 


BCTTVTTT ' LEOGTB  TB  BOOTHS 

mum,  i 

'  '  '  PESTGO . TB3L . T '  S  '  T  '  '  '  ' 

. TOTBL ’  s 

•  i . TOvEELBE'; 

. 13-13 . 13-13 . 13-13 . 

. T '  13 -Til '  '  ’  '  T '  13-13T . 

. SI. 13  s 

• 

'-'S'' TTEICBL  SCHEPOLE 

'  •  '  S . T03EELBE:; 

•  •  •  --------- 

. 5-13 . 5.S . 7-8  ' 

. vE.gr  T3-n . 

. 12.3  '  S 

PE’VELOEBEBT 


COSTS 


::*:T 

'  COBELESITT  '  =  1.50.13 

#■  ’ 

PESTGO  ' • 

' TBFL '  • 

T  '  Z  ■  T  •  ' 

•••••• 

■  TOTBL 

‘  "237-- 

*  SEECTETEP  SCHEPOLE ' 

•  •  *  •  * 

- 95. '  " 

' ' '3S-- • 

'  "153.  '  ' 

a 

3 

a 

a 

a 

' TTPICBL ‘ SCHEDULE ’ 

a 

’ ' 21 1 ’ ' 

•  IDS. 

a 

'  1821 '  ' 

a 

a 

'  t  ' 

a 

‘ ESTIBBTEP  PEBBLTT 

S'-- 

*“  a  “  ” 

'  35  a.  * 

'  13-' ' 

*  c  * 

a 

■ ‘ 115. ' ' 

'  '  S’ 

•  -  t 
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---  '  PRICE  SOFTGiRRE  RCiDEL  — - 


DOTE  '  T3-0CT-79  TIRE  OOiSS 


PEO'JECT  EED  ’ 

BTB'TRBEFTC 

COBTEOC  ESEECTSE 

’  STRCCBT 

. TfJPOT '  DRIB 

FTL'EBBBEi  '  S  TEED 

. PBTEPi 

7  OCT  7? 

DESCRIPTOR" 

■  ‘  TBSTRUCTIOO"  • 

'  ’  T5P00 . 

’  BFFOTCRTTOr) 

■  ■  '  p.ppp '  '  ■ 

. RESOURCE '  '  ' 

'  '  ’SOSPr. 

•  ■pcirjCTiorjs  • 

. 0 . 

' ' STRUCTURE 

■ ' OOPOP  ' ' 

. LEVEL . 

' '  0-000 

BPPLTCRTTOB  CRT 

EGORTES . 

'  ' HEW DEVELDPREBT . 

' ' ST STEW  CDOF TRUEST TOO 

'  RTS . 

DESTGO . 

' CODE . 

’ ’  ’  ' TYPES . 

QUSBTTTx 

'  PBTF3  S/R 

p.,00 

'  0-00 

'  ' POPP . 

. P . 

n 

OOC TOE  COBB 

r»«  tiij 

p.pp 

0..P0 

. p . 

. p 

REBLTTBE  CSC 

i  -po 

0„5G 

' 1 ooo . 

. p . 

. P 

1  fj  l  EflifcC  T  T'y  t 

P.,00 

'  P-00 

■ p.pn . 

. p . 

. P 

HBTBEBOTICBL 

p.,00 

p.pp 

p.op 

. . 

■ ' ■ ■ 

SIRTOl-"  brotf 

pwpn 

O.OP 

O.PO  '  ‘ 

. . . . 

‘  OPR  SISTERS ' 

0.00 

0-00 

0-00 

.  444 . 

'  '  ♦♦♦ 

SCHEDULE 

■coRFLESirr 

' ' ' T0500 

• ' DESTGB  STBRT 

' ' 3BR  Z3 . 

' TRPO ' STBRT • 

p . 

. TSTSTBRT 

■  '  ’  '  p  '  • 

•  '  DESTGO  EBB 

. 0 . 

•  ' TRPO • EBP 

P . 

. 1ST  EOD 

• ' juo  75 

SGPPLEREBTBL  TBEOEBBTTOB 


TERR 

1373 . 

'  ' ‘ ESCBLBTTOU  ' 

1. 

ppp 

. TECH  TRP 

'  ' I -OP 

' HOLTTPLTER  ' 

T-300 

'  ELBTPOER 

1. 

c 

. UTTLT-BTTOO 

P-7  5 

. PEOGRBR  CO 

STS 

CD-iT  ELErituT . 

DESTGO 

TRPL 

. T  PJ'T . 

' TOTBL 

vij*  itrio  tiji:  ujr.trarji: 

IS1?- 

IT- 

1x7- 

3c;  c ... 

FEOGERORTOG 

. 120 '  ’  ' 

'  ?5-' 

72 » 

' • -131. 

COOP  T  GORBT  TOO 

C  GG  T  K  GL 

3c. 

’ ’ 130" 

. 92. . 

'  ' 132. 

DGCOfjEfiTBT  1  Grj 

. 22.  ’  ' 

'  ’  ' 

32.  ‘ 

'  w'8.. 

cKUbr.nR  DHtinUtUEU  l 

9  « 

'  ’  ‘  3-' 

. 17- 

•  •  '  30- 

TulHL 

.  219*. -  ’ 

to* 

. 390. . 

E*S  c  • 

. BDDTTTOOBC 

DBTB 

DESCRIPTORS 

TO-iTROGT  f  uOi- 

15PPP 

BFFLTCBTTOO 

•9- «. 

.3c- 0 

. RESOURCE '  '  ’ 

' ' 3-ZPP 

FOBCTTOOS 

It  7 . 

- STRUCTURE ' 

p. 

ppp 

. LEVEL . 

' P-PPP 

SCBEBOLE 

CORPLESTT"  ' 

’  T-5P0 

DESTGO  STBRT 

'  USB ’ 73 • ' ‘ 

'•  TRPL  STBRT 

■  •  •  • 

p . 

. 1ST ‘ STBRT ' • • 

p-  - 

' ‘ DESTGO  EOD  ' 

. P . 

- TRPL  EOD  ' ’ • 

■  ■  ■■ 

p . 

. 1ST ' EOD - 

'  300  75 
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EETCE  SDFTUBFE  UODEL 


. DBTE  T9-DCT-Z9 - TTRE  DOS  50 

PEOUECT  ’  EED . BIG'  TEBFETC  COUTEOL  '  ELEECTSE '  STfJULBT 


SEH3TTT VTTT  DBTB 


COfJFLESTTY 


1.900 


jnn 


1.500 


. 8  COST . 6551' 

'  '  COST . 657 Z'  ' 

COST  572. 

3.100  8  ' 

. 8"  ’ BOOTHS . 91.0  •  ■ 

"  '  HDBTBS . 91.0 

•  BOOTHS  •  91.0  " 

'  E  *  '  . 

■  *  *e . !z:z:z:z::z:z::z:z:z 

•**d . »•*  ‘  'COST . 57?-.' 

COST .  703 .. 

8  COST . 587 Z'  8 

(,!  3»uD0  • 

■  •  E . S'  BOOTHS . 91  ZD' 

8  BOUT  BS '  '  '  '  91.0  S' 

BOOTHS'  91. D ' 

•  ■  c  8 

. 8 . 

. 1  '  '  '  COST .  703  Z'  ' 

'  COST . 717  .  '  ' 

'  '  COST . 739  Z  ' 

3* jDO  • 

. S'  BOOTHS''  '9i:D' ' 

3 

'  BOOTHS . 91.0  i 

' BOOTHS  91.  O' 

• 

•  « 

SCHEDULE ' EFFECT ' SOB&BKY 


BCTTVTTY  '  LEUGTH '  TfJ  '  BOOTHS 

•'•S'  '  COBPLE'iTTT  =  '  1.500  '  ' 

'  '  DESIGB . IBFL . T  S! '  T  '  8 . TDTBL - 8 

*  ”  * 

S'  SEECIFTED  SCHEDULE 

i 

''S''  TYETCBL  SCHEDULE  ' 

'  8 . TOVEELBFT . 

'7.5 . SZT  . 11.3'  S . 13.5  '  '$ 

. T  '9.31"  '  T  '  9.71 . 8 . r 

. DEVELOFBEUT 

COSTS 

■ 

S’  DESTGfj . 

Bm 

LUi'jr  Lt.i  1  l  (  =  1  . i j i.i 

IrJh’L 

^UmU 

Wm 

TOTBL 

- ! 

'  '  '330.  ' 

• 

I 

SEECIFTED  SCHEDULE 

!  213. 

£  8^ 

• 

6S  c  * 

• 

*  t 

'  S . 

'  '  8 

■  ■ » 

TYETCBL  SCHEDULE 

•  ISO*. 

5**. 

2  7  Cm. 

'  '  S' 

. 933.'  ' 

*  «• 

• 

t 

• 

'  '  S' 

■  ■  t 

t 

•  • 

ESTTBBTED  FEUBLTT 

'  22. 

113* 

‘  1 

. 199  Z '  ' 

'  '  S' 
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« 

---  PRTCE  SDETUBEE 

BDBEL 

DBTE  13-DCT-Z3 

TIRE  BBS  53 

PROJECT  EEE 

BTE  TEBPPTC  CORTRDL  TEST 

. TBPOT ' BBTB 

PTLEUBUES  STEEE ' 

.  '• ' DBTEPS 

Z  DCT ' Z3 

BESCRTPTDF.S 

' '  THSTRocTTnus  • 

'  T3B0B 

. HFPLTCBTTljB ' 

B.BBB ’  '  ' 

. RESOURCE '  ' 

' '  312BB 

•  PurjCTious . 

. 13 

STRUCTURE 

B.BDB 

. LEVEL . 

' B.BBB 

BPFLTCBTTOrj  '  CBTEG0F.TE3 ' 

. HEW  '  BEVEL'DPBEBT . 

'  ' ' SYSTEM ' CDRFTGUEBTTE3R 

UTS 

BESTGU 

CUBE 

TYPES 

GUBUTTIY 

' ' BBTB ' S>R 

B.BB 

. B.BB . 

B.BB . 

. B . 

D 

'  '  DOLTBE  '  CDUfa 

B.BB 

. bibb . 

B.BB . 

. B . 

. B 

‘  EEBLTTrjE  CSC 

X  •.  T5  D 

. B„5B . 

l.BB  . 

. B . 

. B 

' TUTERBCTTVE  ' 

B.BB 

. B.BB . 

BIBB . 

. B . 

. B 

BBTBEfJBTTEBL 

'  B.BB 

'  B.BB ' 

B.BB 

. 444 . 

.... 

.... 

STEIUG  i'j B '1 L h' 

13  _Tiir* 

. B.BB  ' 

B.BB . 

' ' DPP ' SISTERS 

'  B.BB ' 

. B.BB  ' 

B.BB . 

. 44  4 . 

. . . . 

SCBEDULE 

'  '  COPJPLE'iTTY 

'1.500 

' DESTGU ' STBRT 

' jBB  73 

. TBFL  STBRT ' 

•  B . 

. TSiT  '  STFJRT '  ' 

'  '  '  B '  '  ' 

DESTGti  EBB 

B  ' 

. TfilFL '  EBB 

D . 

. T&T  '  EfJD  ' 

' '  jura  7? 

SUEBLEBEUTBL  TBEDEBBTIOB 

YfcwK 

.  t  3 

ES-CfiLHTTOfa 

1 .  BBB 

TECH  TPJP 

l.BB 

0ULTTPLIER 

-  fcW'UU 

PCBTED^B 

1  .2 

UTTLTiBTTOR 

B  .  .  5 

. PEDGEBfa  CD 

STS 

COST ' ELEBEBTS ' ' ' 

. DESIGU '  '  '  ' 

. THPL ' 

. I'M . 

'  ' TDTBL 

SYSTEBS  EB&TBttK.BG 

. 1391 ' 

' 'T3.' ' 

. 2B21 . 

oc 4  - 

PEDBF.BBBIBB 

. I ?! '  ' 

. 53.'  ' 

. 33. . 

133. 

CUfJf:  IbUKW  l  a  Lil’J 

COBTEDL 

. 53. 

' '15.' 

'  IBS. . 

TSc*  - 

■ ‘ DDCOBEBTfiTIDB 

SB- 

. 5.'  ' 

. 33. . 

. 53. 

FKUGKb'J  rabrjrcOtratrjr 

'  '  TB. 

4  '5-  ' 

. 2B. . 

. 35. 

TUTBL 

. 253. '  ’ ' ' 

. 53.  ' 

. 350. . 

' '732. 

. BDDTTTDBHL 

BBTB 

DESCETPIDES 

’ ' TfJSTRUCTTDfiS  ' 

1SBBB ■ 

. BPRLTCBTTDB 

'  3.35B' ' ' ' 

. RESOURCE 

' 3.2BB 

‘ POBCTTDBS 

'  EBB 

' ’ STRUCTURE 

B.BB  B 

LEVEL . 

'  B.BBB 

SCHEDULE 

‘ • CQPJFLESITT . 

11500 

'  '  DESIGB  STBF.T 

•  •  ;iHB  73 

. TBFL ' STBRT ' 

•  '  '  B . 

. T*T  STBRT ' 

- O'  '  ' 

DE^TGB  EBB 

- 0 - 

. THFL ' EBP 

O' 

. T&T  EBP  ' 

DUB ' 75 

---  '  EETCE  SOETOBPE  BOBEL  --- 


PEDrjECT  ECB 


BBTE  T3-0CT-Z3  TIME  21 S  52 

. TBCTICBL  COBB  SYSTEI3 '  BFPLTCBTTCG 


FTLEBBBEi ' STECB 


'  TBPOT  ■  DBTB 


BBTEBJ  ZOCT'73 


DESCRIPTORS 


'  '  TBSIEOCTIOBS 

'zsbbop 

' '  BFELTCBTTDO 

■  n.PBB  '  ' 

'  ' EESGORCE  ' ' 

' E.3BB 

'  EUGCTIOBS'  ' 

. B . 

' ' STEOCTOEE 

d;bdo . 

'  '  ' LEVEL . 

B.BBB 

BPFLTCFiTTOO  CBTEGCETES . 

'  BED  DEYELOFBEBT . 

'  ' SYSTEG ' COBFTPDEBTTOB 

GTS '  '  ’ 

'  DESTGB 

■  CODE . 

'  ' TYPES . 

QDBBTTTY 

•  '  DBTB  ">P. 

■  . 

'  '  ' O.BO . 

Tl.TiTl . 

. o . 

. B 

‘  '  OBLIGE  COBB 

•  D.fm 

D.Bn . 

0.00 . 

.  B . 

. 0 

‘ EEBLTTBE  CSC ' 

'  1.0 P  '  '  ' 

•  •  I. BO . 

l.BB . 

. Ti . 

. 0 

•  ‘  TBTEF.BCTTVE 

• O.BB . 

■  '  B.BB  . 

0.00 . 

. B . 

. 0 

'  TJB1BEBBTTCBC 

’  B.00  ' 

•  •  B..BB . 

0.00 . 

. •*>* . 

• ' 

• ' STRIDD  BBDTP 

D_OB '  '  ' 

'  ' B.BB . 

O.OB . 

. ♦♦♦ . 

. . . . 

OPE '  SYSTEBS 

•  • B_BB . 

O.BO . 

O-BD . 

. . 

SCBEDDLE 

'  '  COBFLE'iTTY 

'  T13BB 

’  DESIGO  STBET 

BFE  79 

'  '  '  TBPL  '  STBET 

B . 

'  '  '  '  TSIT  '  STRF.T  ' 

•  B'  '  ' 

• ' DESIGD  EBB  ' 

. B . 

’ ' ' TBPL ' EBB  ' 

0 . 

- 1ST ' EBB - 

' 'PEE' 77 

SOPELEBEBTBL  TBFOF.BBTTOD 

TltbK 

ESCHLGTTOB 

' T ;000 

' ' TECH  TBP  ' 

1  ft  DO 

'  (DOLTTPLTEE 

' T.3BB  ' 

'  PLBTFOEB 

i;9 . 

' '  UTTLTSBTTDB 

'  B.5B 

. PEOGEBB ' COSTS 

COST ‘ ELEBEBTS ' 

. BESTGB 

'  ' ' TBPL '  ’ 

. T'&'T . 

'  TOTAL 

’  ‘ SYSTEBS  EBGTBEEETBG . 

. 2755. ' ' ■  ■ 

. EBP.'  '  ' 

. epps: . 

' '5530. 

‘  'PEOGEBBBTOG' 

. 331 ; • ■ ' ■ 

. 339^ '  ‘ 

. 1091 ; . 

'  ' '2371. 

'  '  COrjFTGOEBTTGD 

CCBTEOL ' 

. PTE. '  ' 

. 396. ' ' ' 

. 1375. . 

' ' '3133; 

‘  BOCOBEBTBTTIjB 

. EBB.' 

. 111. '  ' 

. P35. . 

'  1595. 

'  '  PEOGEBB  BBBhGEBEDT . 

. 3T9. - 

. 119.  '  ' 

. 9E5. . 

' ' '  P59. 

. TOTI3C 

. 9313.  ' 

' '  1725;  ' ' 

. 5335. . 

'  13539. 

- BDDTTTOBBL ' 

BBTB 

PESCETFTOES 

TfJSTROCTIQDS 

25B0PB ' 

' ' BFELTCBTTOD 

'  P.9PB . 

'  ' EESDDECE '  ' 

" 2.3BB 

EUGCTIOBS 

S  ti& 

‘ ' STEDCTOEE 

B.BBB 

'  ' LEVEL . 

B.BBB 

SCBEDDLE 

' COBFLESTTT ' 

'  '  1.3BB 

‘  DESIGB  STBET 

' GEE ' 7? '  ' 

' TBPL ' STBET 

B . 

- TSTT  '  STBET  '  ' 

'  B'  ‘ 

’ ‘ DE3IGM  EBB 

'  P . 

'  '  ' IBPL ' EBB  '  '  ' 

'  B . 

- 1ST  EBB '  ' 

' PEE  77 
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.  ---  '  PFTCE  '  SOFT  QiRF  E  BODEL  — 

. DATE  '  T3-0CT-Z9  TTBE  '  SI  153 

PK03ECT  ECB . TBCTICBC  COBB '  SISTEB '  BFPLTCBTTDB 

. SEBSTTTVm  DBTB 

. COBPLESTTI 


I. sou  . i:3uo . 1:300 


. t"  '  XOST-  10395.  •  ' 

'  COST  ' ' 12839. ' ' 

' CHS! ' ' '  15303.'  ! 

. 21800  S . 

. 1'  '.BOOTHS . 3310' 

"  BOOTHS . 33.0 

BOBTHS . 33.0  S 

'  '  E . 1 . 

■  ■  e . iinii::i:i:i:;i;ii; 

•  0 . 1'  '  COST  '  111131 

' ' COST ' ' '  18381.  ' ! 

:  COST'  13533.,'! 

'  U ' ' ' E.300  1 ' 

‘  '  E . 1  ' BOOTHS . 33.0 

•  • 

!  •  BOOTHS . 33.0'  ! 

'  'BOBTBS . 33.0'  ! 

'  c . i . 

. 1"  *  *  COST - 11358.' 

'COST' ' ‘  1333Z.  ' 

COST' '  17393. '  * 

. 3.000  '  1 . 

. . 1  '  BOOTHS . 33.0' 

'  '  BDfJTBS  '  '33.0 

. 

'  -  BOBTBS . 33.0  '  ! 

. 1 . 

' ' S.. ................ . 

SCHEDULE  EFFECT  •  CUB  ilBET 


BCTTVTTY  CEOGTB  TB  B'JOTBS 

•■'!"'  COBFLE'iTTT '  ±  '  1.300 '  ' 

'  '  LESTGO . TBFL  '  '  '  '  T  '  S'!"  '  '  '  S' . T01HL  '  '  1 

'  '  '  1 . T09EKLBF*: . 

ti  ^13  13  T3»D  5‘  33  • 

. T '  0.0*.'  ‘  '  '£  010.1 . t . 1 

"  '  1 . 

’  '  -  I-'  ‘  TTETCBL  SCHEDULE '  ' 

‘  ‘  1 . TQS'EPCB FT . 

. 23.0 . 23.7 . 33.3 . 1 . 53.3 - 1 

. -£13.21"  '  •  '  *£13181 . * . 1 

. . .  • ’ 0E9EE0FBEBT ' COSTS 

* 

• 

' COBFLESTTT  =  1.300 ' 

• 

EESTGO 

TBFL  ' 

'  '  T  '  £  '  T  ' 

• 

' ' TOTHL  '  i 

' SPECIFIED  SCHEDULE 

■ 

'  '3313.' ' 

' ' 1728. 

5995. 

• 

'  13533.  '  '  ! 

*  TTBTCBL  SCHEDULE  ' 

• 

• 

' ' ' 33Z91 ' 

' ’ 10531 ' ' 

'  ‘  •  '  • 

J  a'W  k  • 

• 

• 

'  '9870.''"! 

' ESITBHTED  FEOBLTT ' 

1 " 

' '  1335. ' ' 

'  581 

•  15591' ' 

• 

• 

' ' -3555.' ' '  ' ! 
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---  •  PETCE '  ZOFTGBEE '  BODEL  — 
BBTE  1'3-OC  f-Z9  '  TIRE  EU  59 


project  ece 

. TBCTTCBL 

••••••  TOPOT  ’  DBTB 

COBB  •  ZTZTEB 

SUPPORT 

PTLEBBOEi  '  ZTECE ' 

. DBTEDS  Z 

OCT  Z9 

DEZCETPTOEZ 

‘  '  TBSTROCTTOBZ  '  ' 

■  3DDDD . 

'  ’  BPELTCBTTDB 

’  D.DDD . 

• EEZOOECE ' ' ' 

'  2.9DD 

•  ‘  POBCTTOBZ . 

. 13 . 

3  Iferjr..  ujEE 

'  ' D -DDD . 

’ LEVEL  '  ' 

D-DDD 

BFPLTCBTTOB  '  CBTE 

GOETEZ . 

'  '  '  HECt  BEVELDFFjEFjT . 

SISTER ' COBFTGOEBTTGB 

'  FITS  ‘ 

Ufci  I  bis 

LUJ.it 

T^PES  QUBmTTi 

'  DBTB '  Z-'E . 

•  uuju . 

'  ‘ D-DD . 

D.DD . 

u 

U 

’  '  OBLTBE  '  COFlR 

'  T.Tjri . 

‘  ' I.DD . 

' I-DD . 

D . 

’  '  D 

' EEBLTTF3E ' CSC ' ’ 

•  B-DD . 

'  D-DD . 

D.DD . 

■  '  D . 

’  D 

’  ‘TBTEEECTTVE' 

DZDD . 

•  '  ' D-DD . 

’ D.DD . 

■  '  D . 

T3 

’  . 

'  '  FjBTBEFjBTTCBL 

D.DD . 

'  ' D-DD . 

d:dd . 

•  ’ ♦♦♦ . 

'  '  STETGG  FJBGTP  '  ' 

■  D.DD  '  '  ' 

•  ■  ‘ D-DD . 

D.DD . 

' ' OPE  SISTERS  ' 

d.bd 

' '  ' D-DD . 

' D.DD . 

444 

*  ’  444 

SCBEBOLE 

•  •  COBPLESTTT 

•  TZ3DB 

•  ■  BEZTGB  ZTBET  ' 

'  BPE  I?  ' 

•  ■ ififl • ZIBET  ' 

'  '  •  D . 

' 1ST ’ ZIBET  '  •  ' 

'  ■  D  '  ' 

•  •  PESIGfj  EBB 

•  •  D . 

‘  IFJPL  ■  EBB 

'  D . 

’ TSiT ' EBB . 

•  PEE ' ZZ 

SUPPLEFJEBTBL  TBFOEFJBTTOB 

tEBE 

19ZI 

‘  -  EZCBLBTTOB  ’ 

1  »  DD  0 

' TECH ’ TOP ’ 

T.DD 

HOLTTFLTEE 

'  1-3  DU  ' 

' ' ELBTFOEF3 

1. 1 . 

' OTTLTZBTTOB 

D.  5D 

. FEOGEBFJ  CO 

ZIZ 

COST  '  ELEHEBTS '  ' 

. BEZTGB  ' 

. TOPE . 

'  '  T  Si  T . 

’  TOTBL 

SYSTEMS  EOGTOEERTnO 

. EDD- ' ‘ ' 

. IE. . 

1  P'S  k 

' ‘ 391 Z 

• PEOGEBBRTBG 

. si; 

56  k 

75k 

'  151- 

'  '  COBFTGOEBTTOB 

C LiTa  l  h.UL 

. IS-  • 

1 

111k 

176  - 

•  DOCrjBErJTBTTOrj 

. 31-'  ■  ■  ■ 

. 5- . 

—  ii- . 

•53. 

■  ‘  FEQGEBFj  OBBSGEFiEBT . 

. IS- '  • • 

. 5- . 

- 22. . 

•  '  ■  15- 

. TOTBL 

. 3E5- ' 1 

. 95- . 

'  133. . 

’  S52. 

- BBDITTOfiBC 

BBTB 

DEZCETPTGEZ 

•  '  TBZTEOCTTOBZ 

3DDD0 

■  ‘ BPELTCBTTDB ' 

5-15.3 . 

EEZOOECE ' 

'  2.9DD 

•  •  EOriCTIOBZ 

•333 . 

’  •  ' STEOCTOEE 

D-DDD . 

' LEVEL . 

D-DDD 

SCBEBOLE 

•  '  CORPC ESTTT 

‘  I -3DD 

■  ‘  BEZTGB  ZIBET 

•  BEE  ZI  ' 

•  '  ■  TOPE • ZIBET  ■  ■ 

D . 

1ST  ZIBET  ' 

■  D’  '  ‘ 

‘  DESIGB  EBB 

o . 

'  '  ’  IFJPL  EBB 

D . 

T&TEBB . 

•  PEE ■ ZZ 
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. ---  •  FETCE '  SOFTWBBE  BCDEL  --- 

. ‘ . DBTE  T3-0CT-Z3  TTBE  22SDO 

ESOOECT  ECB . TBCTICBC  '  CGBB  STSTEB  SOFEOBT 


SEBSTTIVTTT '  PBTB 


COBFLESTT? 


. TIEDU . I.3DP . 

. I.30D 

2 

. t-  •  -  cost . ?se: 

'  '  •  COST . 311-  ' 

'  COST . 335.  S 

. 2. BUD  s . 

. S  'BOBTBS . 33  ID 

BOBTBS'  33*D  ' 

BOBTBS . 33*1)  '  S 

■  •  ■  B . 8 . 

•  •  •  s . 8 . 

0 . S"  •  ‘COST . SEE.  ■  • 

s"  '  COST . 352*' 8 

'  '  '  COST . 333*  '  '  5 

■  ‘O  '  '2.3GP  ' !' . 

'  '  B . S''  BOBTBS . 33  *p  ' 

•  • 

l  '  BOBTBS . 33  *P  • 

BOBTBS . 33*0  '8 

• ;  c . S- . 

•  •  'E . 

• '  '  COST . 335*  ' 

'COST . 333*'  ' : 

. 3LDDD  S . 

BOBTBS . 33  *P 

BOBTBS . 33*13  ! 

SCBEDOLE  EFFECT  SOBBBBT 


. BCTTVTTT  LEBGTB  TB ' BOBTBS 

ni’issB 

'  '  '  DESTGB . TBFL . T '  %  '  T '  '  j  '  "  '  T0T5L  '  ' 

*  *  * 1‘ ‘SPECIFIED 'SCBEDOLE'  ‘ 

. TO*OT  '  '  '  I '  1?*13T . S' . 

• 

*  “  f*  TYETCBL  SCbEDOLE ‘ 

"1 . IQVEBLBF1  . 

•  •  • 

- DEVELOPBEBT ' COSTS 

' ' r ' ' C0BPCE2TT7  =  I *300 

•  * 

' ' ' ' DESTGB  ' ' 

TBPL '  ' 

'  '  T '  S '  T ' 

*  •  4 

• 

. TOTBL 

•  t 
• 

. 325.'  '  ' 

' ' '35*' ' 

' ' ' '333. 

*  *  4- 

. 352.  "  '  ' 

•  •  S' . 

m 

• 

"*•••  TTETCBC  •  SCBEDOLE  ' 

• 

. 231'*'  ' 

oa 

44 

t 

' '  ' 333. ' 

• 

'  ' Z53* '  ' 

■  •  r . 

• 

t 

•  — — - 

4 

. 33*'  ' 

'  '  50  . 

• 

'  93; ' • ' • 
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-  ‘  PRTCE  SOPTii>BPE 

PBTE  T9-0CT-79  ' ' ' 

' ROBEL ’ — 

TTRE  T5J33 

PKOOECT  CB  ' 

'  BTTBCE '  QIBRRTR5 

SISTER 

. FE05EBR  COSTS 

COST '  EEEREBTS ' 

. PESTGR  ■  ■  ■ 

. THEE '  ■  ■  • 

'  T  Si '  T . 

' TGTBE 

•  'SiSTERS  ER3TBEEETR5 

. T45B5.  '  ' 

. S55_  '  •  • 

'  '  '  T7!3S^.; . 

'  'J’JOC'C 

‘  'FEOIEEiSOBTBO' 

. E593.  ' ' ’ 

■  ■  •  •  •  • 

•  • • • 7D99. . 

'  T4135. 

’  •COBETOOEBTIuR' 

CORTROE 

. 3*51.  '  ■ 

....  .ZED^  •  •  ■ 

'  '  ' T4557 . . 

'  EBD3Z. 

•  ‘  dgcogebt  BIT  OB 

C.  7-J*C  • 

. . 

■•’U*.'  4 

'  ' 5T5B. . 

'  9519. 

‘  PEG GEBR  BBRfiOEGt  RT  ' 

. 55R i '  ' •  ■ 

'  '  '  3343. . 

’  '5E44. 

. TOTBC 

. 2SP797 • '  ' 

'  ’  3159.  ' 

98514. . 

‘  8E55E. 

. BPDTTTOREL ' 

EBTB 

PESCPTPTOF-5 

‘  '  TBSTRGCTTORS  E 

rSDDDD'  ■ 

. BFPETCBTTDR 

' ' S.4SB . 

'  RESOURCE '  '  '  ' 

’ 3. BED 

‘ PCIRCTTORS 

3t&35*> 

s  tfiocn  oh't 

P.DBB . 

' ' ' LEVEE . 

'  ‘  B.DBB 

SCBEPOEE 

’  •  C0fiPCE?:TT*< . 

T.TDD 

'  DESTGR  STF.ET 

jbr  se 

. TBPC ' STBET  * 

’ ' *TS;T' STBET ' ' • 

' '  '  B'  " 

• • DESIGR • EBP - 

- T1 - 

. TREE' ERD - 

TST ' EBB 

'  DEC  79 

SEBSTTTVTT7  BBTB 


C0RPCE2TTY 


•  COST - 774T7  .  ‘  ' 

' ‘ ' COST ' ' ' ' 33959 i'i 

2.9BB ' ' ! ' 

■'  RORTBS . 95.  B' 

RORTBS  ' ' ' 95 . D ' ' i 

B  1 

s  • 

COST’ '  '95495.  ' i 

□ . S'  COST'  ' 739B9. 

! '  COST' ’  ' 3235E . ' : 

0  3.BBB  : 

"  R . *••  •  BOSTBS . 95.D  • 

J  . ! 

■t  RORTBS . 95. D  i 

RORTBS  •'•95.B  S 

C  S 

E 

. f  '  COST - 775BP. 

'COST' ’ ’ '37555.' 

COST' '  TB1ES3.  * ! 

. f  ' RORTBS . 95. B ' 

'  RORTBS . 95.  D 

RORTBS . 95.  B'  i 

t 
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m 


W. 


\ 


--- '  PRICE  CDPT^BRE  fjDDEL  '  — - 
DBTE  T?-DCTr?9  TTBE ' 15:3? 


BG03ECT  CR) 


BTTBCK  '  lilBROlBB '  SISTER 


SCBEDOLE  '  EPPECT  '  SOBBE BY 


'  BCTTVTTT '  LEr.'RTB 


• 

"  '  COPlPLEETVi;' '  =  1  .ICiC 

- DESTBO . TBRL . T’S‘T - 

. TOTBC.  ' ' ‘ 

•* * SBECTETED  SCBEBULE 

. 13. 13 . 13.13 . 13.13 . 

. TDVERLBB.1 ' 

•'  ’  TIPTCBC. '  3CBEE0LE  ' 
. T09EELBBT . 

. 93.1 . 92.13 . 53. 5 . 

. 121.51  •  '  •■221:3.1 . 

. l'DD. 5  '  '  '  ' 

to '  bootbs 


. DE9EC0i?PJ6fjT '  COSTS 

■  1  •  COfaPLESTTV  =  1.11313'  !  DESTGO  TBPC  "Tn"" 

. TOTBC '  ' ' : 

......  •  SPECIFIED '  SCBSEOCE '  '  t . 261373. . 3139.  '  '  98619. '  '  ' 

•  •  '  rnn-n . « 

C'C.v'.'C  •  • 

......  -jYPTCBE  ’  SCBEDXE  '1  '  £6139 >3. . 32133.  '  '  '  '  95619.  '  '  '  ' 

s  • 

•  ■  f  ' ESTIBBTEB  FEB  XT?’  '« . 35. . -33.'  '  '  -TEDD. 
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---  '  PRTCE  '  SOPT&RRE  '  BODEE  ' 


DATE  T4-0CT-79  TTBE  15! 35 


PROJECT  CF. 


GEOUBD  FB3ED '  RBPBE 


PROGRBB  EDIT" 


COST  Et.ESE.fjTS 
•  '  SISTERS  EBGTBEE 

ETRB . 

. PESTGO . 

. 249.  '  ’  ' 

'  TREE 
. 13.'  ' 

T '  S  T . 

C.C.C  • 

' ' ' TDTBE 
' ' ' '431. 

'  •PROGF.BBRTBB'  '  ' 

. 3D*. . 

. 51.'  ' 

. 91. . 

1 52  • 

’  '  COOrTTGOEBITOO '  C 

OPjTEDL  ‘  ■  ‘  ' 

. 55; . 

. IT.'  ' 

• . tee; . 

' '  194. 

DDCOrjEBTBTlCB 

33 «. 

. s: ' ' 

. g?. . 

. 34. 

PROGRBO  BBOBBEOEOT 

. T9. . 

V  k 

23- 

3  £  • 

TOTBE 

. 388  . 

.  yTfl;i  . 

. 5D1. 

991. 

. BDDTTTOBBL  '  DBTB 

DESCRIPTORS 

‘  ’  TriSTRTjCTTDrjS  '  '  ' 

25BDP . 

'  '  '  '  BFFETCBTTOri  ' 

8.45B . 

' ' ' RESOURCE ' ' ' 

'  3.PBD 

’  ‘ POOCTIOBS . 

'  .273 . 

'  '  '  ' STRUCTURE '  '  '  ' 

D  •  tinri 

'  ' ‘ ' LEVEE . 

d;bud 

SCBEPOEE 

■COBELEKTTT  '' 

T.3BP 

‘  ’  PESTGO  '  TIBET  '  ' 

■  rjBfj '  75  ‘  ‘  ‘ 

' ' ' TREE ' STBRT ' ' 

TJ . 

. TST'  STBRT ' 

B 

• ‘ PESTGO  EBB 

n . 

' ' • TREE  EBD 

B . 

. T£T ' EBD ' 

'  '  :irjB  75 

SEOSTTIVTTV  ’  PBTB 


CDBPLESI"! 


i;2FF . T.3FF  . T_4DD 


"  COST . 1D74  .  '  '  ! 

. E.9DD '  '  ! . !  ■  ■ 

BOOTHS . 17. D  '  ! 

'  '  '  R . • . ! . 

e . . . 

COST . 1133.  '  ! 

'O'  '  3. FDD  '  - 1 . !'! .  ! 

'  '  R . 1"  BOOTHS . 17. D'  '  !  1  BOOTHS'  17. B  5 

’  ‘  BOOTHS - 17  SB  * 

■  *  ■  e . 

COST . TEDS.  '  '  ! 

. 3.TDB  ' ! . s . 

. 1  ' BOOTHS . 17. D  i"  'BOOTHS . 17.  D  ' 

BOOTHS . 17. D'  '  i 
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'  ---  '  PRICE  '  SDPTiiifiPE  '  BO  EEL 
'PBTE 15'0CT-79  TTBE15S3S 


PEOOECT ' CE 


'  ORDriOD  EB3ED  RBEBE 


'  SCBEEOLE  EFFECT ' COBOBEY 


. 

BCTT  v'TII  ’  LEBCTB  TO  BOO^BC 

CDBFLEKTTT  =  'T.3C.1V 

'  riECTBB . TBFL 

1ST'' 

'  ■  '  ■  TDTBC:  ■■■■•. 

■■•{"•  SPECIFIED  '  SCBEDOCE  ' 

!  '  ‘  ‘  i . "CD7EPLBE5 . 

. O.B . ei_ti 

. TD.di  •  • 

. DLti . 

O.CIJ . 

. 17.0 '  ■  ■ « 

TYETCBCJ  '  SC-BEEC'CE  '  ' 

. 3.3 . 315' 

. 19.3 ’  ‘  : 

YOVEELfiF'. 

1 

£5.71  £ 

5;5Ji . 

•  •  -  •  DEVELOPBEOT  '  COCTC 

!  COOPLEETTY  •  =  •  1.300  •  • 

DtilbrJ  TPJF?L  T  *  T 

TOTBL  ' ! 

. 333. . 101. . 5131.  •  •  -  • 

. 991.  : 

TYPTCBC  ■  CCBEDOLE  ' 

. 373. . 95. . 533. '  '  '  ' 

959.  : 

• 

•  ESTTBBTEE  FEBBLT  i 

.  15.  '  '7: . 13.'  ' 

. 5E. ' '  '  ' ! 
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--- ' EETCE ' SDPTOBEE 

BODEL  — - 

PBTE  15-OCT-79 

TTBE  15  i  513 

PEOOECT  CC . 

. TOTELLTGEOCE ' FEOCESSTBG ' 

SYSTEB 

. FEOGEBB  CD 

COST  EL'EBEOTS 

. DESTGO ' ' 

. TfJPL '  •  ' 

TOTBL 

’  ‘  SYSTEMS  EOGTfJEEETOG ' 

. 1735 . “  “ 

. 1211 ’  ’ ' 

. 1597. . 

'  35135. 

•  •  peogebbbtoc-  ■ 

. 255. '  '  ■ 

. 531. '  •  ' 

. 595. . 

1552. 

•  '  COOP  T  GOK  B  T  T  GO ' 

CDOTEOL 

. 523. ‘  • • • 

. 192. '  ■  • 

. 1153. . 

1273. 

•  ■  docobeotottob 

. 313P1 '  ’  '  ' 

. 551  ' ' 

. 553. . 

* • 799 _ 

•  ■  EEOGEBO  BBOBGE 

beot 

. 193 . ■ '  '  ■ 

. 511  '  ' 

. 2513. . 

’  ’  2J9S  .. 

. TOTBL 

. 2953. ‘ ’ 

•  ■  '  1020. ’  ■  ' 

. 5235. . 

. BDDTTTOOBL 

PfiTB 

DESCETETOES 

'  •  TOSTEOCTTuOS 

255131313 ' 

. BEPLTCBTTCfl 

'  '819515 . 

' ' ' ' EESOOECE . 

'2.9TJ13 

'  '  EOOCTIOOS . 

•  •  n*j«:n  • 
uUC1 

. STEOCTOEE  ' 

u  ..131313 . 

'  ' ; ‘ LEVEL . 

' DIDDU 

SCHEDULE 

• 

’ ■ COWELESTTY '  . '  ' 

'  T  .21313 

‘  '  DESTGO  STBET  ' 

OBO  15 

. TMPC  STBET  ' 

‘13 . 

- 1ST  STBET  ' 

'  13  ' 

' ’ DESTGO  EOD 

- T). 

. TBPL ‘ EOD  ' 

D . 

- T&T  EOD 

'JOB  77 

SEHSTTTVm '  BBTB 


COBPLESTTY 


T.TDD . T.2BB . T13DB 


COST . 75311  ' 

COST . 9323.'  *• 

. 2. SUP ‘  i . 

. 1  BOOTBS . 29. U 

'  BOOTBS  '  E9.U' 

'  BOOTBS . 29. 1)  S 

'  '  ‘  B  1 . 

:  :  s 

■  e  t.... 

•  •  s . t . 

'  '  COST . 5939.'  '  i 

0  !  CO*T 

s  '  '  COST . 32213.  : 

'  0  21913U  S 

•  •  b . s  bootbs . 29. 13'  ' 

•  • 

i  BOOTES  '  2.9. D  : 

‘  BDOTBS . 29. U  ‘  ! 

■  ‘  '  c . • . 

•  **e . *•::  1: 1: :  1: :  1: :  1. :  1: : 

. f  COST  7225. 

C 0 •> T  Sw 

'  COST  '  '  1D523.  '  *. 

3*.DT)0  • 

. . f  ‘BOOTHS'  '  '  29. D' 

BDOTBS  29. U 

BOOTBS . 29.  U  i 

. t . 
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. ---  FRTCE '  SOFT&BRE  80BEL  --- 

. DBTE  13-0CT-79 '  TTfaE  15S51 

EROrjECT  XC  . TBTELLTEEBCE  FEDCESSTEiG  '  SYSIEB 

. SCBELCLE  FEEECT ' SOBBBRY 


BCTTVm  '  LEBGTB  TB  rjCBTFji 


•  '  COBPLEXTTY '  =  I  .ET.rt)  ' 

1  ur  L 

t  %  i 

TC1TBL 

•  '  SPECIFIED  3CBEI>OLE  ' 

. ti.,0 . 

. E9.U  ' 

vDVEfcLtac  >. 

x  n.Di 

* 

TJ.U2”  ’  ' 

TYPTCBL  3CBEEOLE 
. 'fQVEELBP’t . 

. 

14-3 

V 

E3-9 

S.S1 . 

. 31..3'  ' 

. DEYEtOEPJEBT  CO“T" 

•***•*•  CCtfilPLEETTT  =  1  -HE'D  i - BESI6&  TBPC1  ’  TU - 

. TOT BE 

•••*••  SFECTETED  SCBEBOEE  "t . 29531 . TTJED. . 32351 '  '  ' 

. SEE*-  ■  ' 

s  « 

TYPTCBC  •  SCBEBOLE - J . 23231 . 2231 . 35331 '  '  ' 

'  '  • : . ! . 

'  ‘  ‘ ESTTBBTED  PEBBLTY ‘  i . 5331 . 293- . 233 1'  ’  ’  ' 

'  I53E.  ■ ’ 

L83 


FETCE  '  SOFTCORE  '  BODEL 


DBTE  T5-OCT-79  TT0E  15*33 


PROJECT  CD . 

SEB • SOFVFTLLBBCE ' 

SYSTEM 

. FEOGEBB  Cr 

STS 

• 

COST ' ELEBEUTS  ' 

. PESTGB  •  ‘  ' 

'  TBPL 

ni . 

TOTBL 

'  '  SYSTEM  EOGIBEERTfiG ' 

. 1235 .'' 

. 71. 

. 1139- . 

'2335. 

'  •FEOGESforjTrjl? 

2t*r  - 

. 333.  •  ’ 

. 355. . 

1125- 

'  ' CQfjETGOEBTTGB 

COBTEOL  ’  ' 

. •  •  • 

ClC't. 

. 1'2P.  ' 

. 3P2. . 

113P. 

•  '  rOCrjBF.rjTBTTu'i 

. 19? .  ■ 

. 37-  ' 

. 333  - . 

•  '  t*53  - 

'  ‘FEOGEBB  BnBBGEBEOT  ' 

. 177  i 

. 37-'  ' 

. 159- . 

' '332. 

TOTBL 

. SPSPi  ' 

656*. 

. 29P3- . 

5555- 

PESCRTFTOES 
•  •  TfjSTEOCTTOrjS 

1  ^  Cl  T?  15  D ' 

. BPPTTIOBBL 

. BFFLTCBTTOR 

PBTB 

'  ’  3.35P  '  '  ‘ 

. RESOURCE . 

' 371PP 

■  ForjCTTorjs . 

1555 

. SIEOCTOEE  ‘ * 

‘ ' plppp • * ; * 

. LEVEL . 

0.  U00 

SCBEPOLE 
■ 'COBFLEKTTY  " 
'  '  PESTGB '  STRET  ‘  ' 

•  '  T 1  CIO  Cl 

. TBFL’STBET* ‘ 

- p . 

. TSJT'STBET - 

■  •  p- •  • 

‘ *  PESTGU  EBP 

. TfdFL  ‘  EBP 

P . 

. TS-T'EBD . 

DEC  75 

SEHSTTTVTTY  PBTB 
. CO0FLESTTY 


;9PP . KPPP . T.ItID 


'  COST . 5325-'  ' 

• 

•  '  COST . 5537.  '  •  t 

. t  BQBTBS . 23.  P' 

'  '  BOBTBS . 23. P  ' 

BOMBS . 23.  P'  '  i 

‘  R . ! . 

• 

■  e . s. 

•  •  s . * . 

COST . 7P521 '  '  t 

S  COST  ''5555-  ! 

0  3*.1DU  • 

•  •  R . 1  BOMBS  23. P 

!  BOB TBS  23. P'S 

BOBTBS 23.  P  S 

C . t . 

• 

■  E . t. ....... ........... 

. 1"  '  ’COST . 3323. 

I- . 

'  '  'COST . 5992.  '  ' 

. S' 

■  COST . 733P.  '  '  S 

. 3-2PP  * . 

BOBTBS . 23.  D  ' 

"  BOMBS . 23. P  S 

»  z  z 
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. PETCE  ‘  S0ETW3BE '  RIDDEL 

. PBTE ' T3-0CT-7S  TTBE  15! 95 

FEOCECT  CD  . SEB  SOEVETLLBfjCE  '  CYC  TED 


scbedole  effect  ■  crjrariBE'Y 


BCTTVITV  LEDGTR  TO  OCDTOE 

- DETTBD . TOFL . ITT - 

■ 

s  curafi'LE.i  r  i  y  =  l  vOOD 

TDTBL  t 

*  * '  J '  'SPECIFIED  TCBEPOLE ' 

. TTiLW  VD.131 . 

. E3..P - : 

• 

‘  ‘  •  1 . WEBLBEX . 

. X  7 ;?.r  . 

• 

• 

• • ■ PEVELOBOEOT 

CDSTC 

'  ‘ DECT CO . 

TOFL  ' 

• 

'  COOFLECTT’Y  '  =  T  .BCD 

• 

T  ’  PJ  ’  T  ' 

it  TDTBL' 

■  ‘ '  ‘ ED® PL . 

'  '  E3PS..'  *  '  ’ 

* 

-  “  | 

‘  SFECIFTED '  CCfiEBOLE 

* 

*5*  •. 

•  5855. 

'  TYFTCBL  ’  CCBEl'CLE  ' 

• 

-  ••  • 

• 

- TIDE- . 

'373..'  ■ 

•  •  E?2TJ%  ■  •  •  • 

• : 

'  i  ‘ 

t 

i 

• 

’  '  ’  1- 

‘ ESTTOBTED  FEBBLTX 

•  «■  • 

• 

_ «•  _ 

• 

. CEE. . 

'  T83 . '  ■ 

’  '  ' ' 3SE .  •  ■  •  • 

i . TP53L '  ' 

•  •  * 

■■  « 

• 
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FETCH ' SOFTQIBRE  BDPEL  ‘  — 


. DATE ' T3-0CT-79 

TTBET5J55 

fbq:iect  •  ce 

'  ‘  BTSSTLE  C-  ‘  BOP '  C  STSTEB 

;PEOI5Efi«  COSTS 


....  TrJf?J. . . . . 

# 

. TOTBL 

COST ‘ ECEBEOTS . 

. PESTGO  ‘ 

- T  •  S  ‘  T 

STSTEB;  EBGTOEESTOG 

‘  1ST. 

... g. ... . 

. T3?;  ■ 

’  ‘  PEOGEhOBT BG . 

. TS. . 

. 35. ' ' ' ‘ 

. 551 ’ ’ 

. TP9- 

COOh  1  UURH  l  I  LiB  L  (JO  l  hUL 

. 33. 

. TP.  ‘  ‘  ' 

c  3. 

. ITS. 

•  ‘  POCUHEOTBTTuO . 

Cv  • 

. 3;  ’  ‘ 

. E3. • ’ 

. 55. 

•  ■  progebb  mrinZEriEriT . is: . 3. . 13; . as; 

. TOTBL . 237.  . S3; . 3D?- . 539. 


PESCBTFTOES 
■  ‘  TOSTEUCTTOBS ' 

’TYPED . 

'  ‘ ’ BPPTTTOBBL ‘ PBTB 

' ' ‘ BFPLTCBTTGB  8.3SP ' * ‘ 

. RESOURCE ' ‘ 

*  * ‘ ’ 31TPU 

’  FCIOCTIGBS . 

"  ' T22 . 

—  STROCTORE . PIPED'  *  ‘ 

. LEVEL . 

* ' • • PIPOP 

SCHEDULE 
'  COPJPLESTTT  ' 

•  PESTGO  STEET 

i;3pn 

TJBB  75 - 

‘ ' '  TBPL"  STBET . D . 

. P‘  •  • 

*  *  PESTGO  EBP 

- P . 

*  ‘ '  TBPL' EBP . P . 

. T&T' EOD  ' 

PEC  i  5 

SEfJSTTTVTTY  PBTB 


COBFLESTTT 


t;epp . t;spp . t;spp 


!  CDiT  :  COST  573. 

COST  c .03-  : 

J%D0D  •  ^ 

s 

BOOTHS . 23. P  * 

E  S  >  »  s 

E  :....... . . s . . . . 

•  •  0 . f  ■  ‘COST . 572.  ■  ft-  COST . 593.  1 

'  COST . 532. 

0  3 . 1 0 0  >  •  •  • 

•  R . »  BOOTHS . 23;P'  ' s  t  BOOTHS . 23. P  : 

'  BOOTHS . 23.P'  ' ! 

• 

. ! - COST . 593-  COST . 327. '  ' 

'  COST . 561.  '  '  • 

. 3;2PP'  t . * . 

t 

BOOTHS . 23. P'  '  S 

r  i  i  . 

---  '  FETCE  CDF'vli'BFE  '  PJODEL  '  --- 
DBTE  T5-GCT-79  TTftE  15153 


FKOOECT  CE 


BTS3TEE  ‘  C  BOD  C '  SYSTEM 


SCBEDCCE '  EFFECT  SOBBSE? 


. BCTTVTTT  '  LEBC-TB  TfJ  FJGOTBS 

•  -  -  -  -  -  -  - - 

— — —  • 

•  CDroFEEs.T’t'i  =  U*15D 

DF.CTFfJ  TDFC  1ST 

.  TGTBL  ' ' ' 1 

9 

•  SPECIFIED  SCrjEt'OLc 

. o;tj . d;d . . 

. S3. C  ’ ■ ’ : 

'  '  '  1 . *£0\'EELBFv.' 

£  13. TO  £  15. CO.- . 

• 

5  TfPTCRL  iCbEDuLE 

^  il  «>1 

. —  T3;si' . 

1  z  «.s  • 

'  '  i . TCTVEF.LfiF*. 

- DEVECDEBErjT  COSTS 

- BESTGG . TPJFC . T  S  '  T - 

. TOTBL  ■ ■  i 

•  *  i  • SPECIFIED  SCBEDCCE 

. 237; . 5?.'  '  3D5.  '  '  ' 

. 5gg  • i 

J" 

••■I’- TTFTCBC  SCBEDCCE  ' 

s  : 

. ZSS. . 55. . 289;  '  l . 5715-  '  '  '  i 

• 

s  • 

i  ESTTMBTED  FEGBCTT 
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1 


--  l?ETCE  SOFT(i>BEE  BODEL  --- 


DATE ' l?-0CT-79 ' '  TTBE  T5S5TJ 


project  of 

‘ ‘ ‘ ' STEBTEGTC 

'  COBBOBTCHTTOOS 

'  SISTER 

. PEOGEBB  ■  CO 

STS 

• 

COST  ‘  ELEBEOTS 

. DESTGfJ 

. TBFL  ’  ' 

- T  S  •  T . 

’ ' TOTBL 

•  •SYSTEfiS'ErieifjEEEiriB 

. 1356* '  '  ' 

. SB.  ■ 

'  ' 1E9D* . 

' ' 27E5. 

•  ‘  PBOGEBOBTf.!G 

. 195* 

. 393* '  ’ 

. 5S8 * . 

1115* 

•  ’  COfJF  IGC'EBTTGO 

CORTEGE  ’ 

. sir*.  •  •  • 

. TEG* - 

S73* . 

■  1315* 

DOCOREBT  BIT  CfJ 

EE?* 

'  331 . 

59S. 

'  '  PRDGEBB  '  BBOGGEBEfiT . 

. T?3.  ' ' ■ 

. ?D* - 

■  •  '  179* . 

355- 

. TOTBL . 

. EE39  * '  ' 

573- 

- 3ED1 * . 

E.11?. 

. BDDTTTOfjBL 

DBTB 

DESCETFTOES 

•  TBSTEEiCTIOrjS 

ET?DDC»'  ’ 

■  '  •  ‘  BFELTCBTTDfj 

3^5611 . 

'  ’  RESOURCE '  ' 

’  ’  3 IDL'D 

•  •  POBCTTOOS  ■  '  ■ 

•  •  ^  ^  ^  CJ  ■  •  ■  • 

'  •  '  STRUCTURE  ' 

■ D*DOD . 

'  '  LEVEL . 

DEDDD 

SCHEDULE 

’  •  CORFLESTTT 

' l'.ETJD 

•  DESTGfJ  STBF.T 

‘  OBO  •  73 '  ’ 

‘  ‘  ■ TBFL ' STBST 

•  •  u . 

' ■ ‘ T&T ' STBET ' ' ' 

■  -  '  rr  ’  ' 

•  DESTGB  EfJD 

'  D . 

- TBFL  '  EfJD  ' 

'  0 . 

‘  '  ‘  TSIT  EfJD  '  ' 

DEC  l? 

SE8STTTVTTY ' DBTB 


COOFLESTTV 


.  .  . 

. 1 

•  TDD . 

. 1  *3uD 

'  P 

■’ 

•  4 ■  * 

• 

• 

■  r 

' ' COST 

- 51??* 

4 •  ’ 

• 

COST . 3752 E ' 

’  4-  * 

• 

'  COST . 55E?  *  ’ 

*  •• 

• 

'2E9D0 

•  ' 

• 

'  BOOTHS . 35  *D 

• 

BOMBS . 35.  D 

■  s 

BOOTHS 

35  *D 

• 

• 

■  '  R- 

*  •  *E* 

'  t" 
*  !•' 

• 

1  * 

• 

"  t  ' 

• 

" 

••'S' 

■  '  ' 5?53* ' 

•  * 

•  * 

'  TOST . 511?.  ’ 

■  1  “ 
»  • 

COST . 7D55* ' 

•  t- 

• 

•  •  'O' 

• 

CO-j-T 

•  • 

*  * 

T» 

' 3EDD0' 

• 

. 35  *D 

a  a 

'  BOMBS . 33.  D' 

•  • 

BOfjTBS . 35  *D 

• 

'  R 

■ 

BOOTH; 

•  a 

• 

•  c 

•  '  E 

.  j.  • 

■  • 

•  • 

i  t 

4  - 
•  — 

■  4-  • 

»  •  » 

i 

*  4 

•  • 

• 

!  ' 

'  COST . S?37  *  ' 

• 

'  COST . 75D1. 

• 

■  f  ■ 

■  COST" 

577D* 

• 

• 

•3:idd‘ 

•  i  • 

• 

• 

•  t 

■  BOOTHS 

35  *D 

4 

'  BOB  TBS . 35.  D 

■  4- 

a 

BOOTES  35*D 

'  4- 

• 

■  f 

t 

t 

, 

S' 

•  f. 

4 •  * 

•  •  • 

1  •  * 

•  •  • 

• 

—  a 

* 
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PETCE '  SOETWBKE  BOEEL 


. PBTE  T3-0CT-79'  '  TTFJE  '  15!  52 

PE03ECT '  CE . STEBTEGTC '  COfSriOfjlCBTTOfjS  SY5TEI2 


SCBEDOLE  '  EFFECT  '  SCifiDEES 


'  BCTT9TTx  LEfJCTB  TO  BOOTBS- 

CDf'JFLE'iTTri '  =  T  .200 

'  ’  '  DESI6B . TBFL . 1ST'  '  S . TOTBL  '  '  '  ' 

—  #  —  —  —  —  —  — 

SPECIFIED  SCBEDOLE ' 

•J  ■* 

• 

1 ' *  TYETCBL ' SCBEDOLE '  ' 

17 IT  T5.5 . 22:8 . t . 39;8‘  ‘ 

. x  s:n . rs.?i . *. . * 

- DEVELOFOEOT '  COSTS 

•••«••'  COfaPLESTTS  =  '  I  .200 

■  '  DEST50 . TDFL  '  '  '  '  T '  5  ’  T  '  '  '  S' . TDTBC 

t  -  -  -  - - — - 

SPECIFIED  SCBEDOLE 

. 2239. . 575. . 3201. - t . 5113.  ' 

TYPTCBL ’ SCBEDOLE ' 

. 2195. . 551. . 3172. - t . 5013. - 

'  '  ‘  t . 

t 

. 35; . 23; . 29; ■  •  •  •  r .  97;'  • 

rswjij 


'  FEl'CE  '  SOFTIUBEE  fJGDEC  '  — - 


ECTGP  vCBCTFEETTOrj*.  RODE 


PROJECT  BSB . .  ’  * 

COST ' ELEBEBTS . 

PBTE  16-DCT-79 

. PROGRBB 

. PESTER ’  ‘ 

TTBE  23!  22 

. TBERTTBL 

COSTS 

. TOPE . 

’ RGVTGBTTDR' 

T’S’T . 

SISTER 

’ TOTBL 

■  '  STSTEBE  EBEIBEERTBE  '  ’ 

. 97; *  * 

. 5; . 

®  -  » 

*  *191- 

'  progrbbbtbe . 

. et:* ’ 

. 281 . 

'  361 . 

*  85 1 

'  ' COf.'PTGORBTTDO '  CORTROL 

16. 

8* 

56* 

*  *  *  SO^ 

‘  'POCOBERTBTTOR . 

. 15. ' ' 

. 3. . 

■  '25. . 

'  '32. 

E  fo  Ci  b  K  b  r  J  f*j  b  T  i  b  b  t  r*J  £  fa T 

. is; ' 

. 2. . 

■  it: . 

£6. 

. TOT BE . 

.  lei ; 

36- 

El'S. . 

' ' 325- 

PESCRTETDRS 
'  TriSTEljCTTOOS  TSPOP 

•  '  EOfjCTTDR- . 20P 


BDDTTTOfiBQ'  r<f5TB 

BFPLTCBTTOR  ' ' *;36T ' 
STRDCTOEE '  '  ’  *  -PIPPO’ 


’RESOURCE . EUR.? 

'  LEVEL . OiDDD 


SCHEDULE 

■  CORPC.ESTTT -  '  11  POD 

•  ‘  PESTER  ST6ST  ' ’  ' ’ BBT*  73 . TORE*  STBRT . 0 . 

*  *  PESTER  ‘  EBP . 0 . TfJPL  *  EBP . 0 . 


T£T' STBRT . P'  ■  ' 

T£T‘ EBP . PEC’ 75 


J ■ 
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— 

FETCE  SOETfi'BRE 

MODEL ' — 

. DBTE 

' 16-0CT-79  ' 

TIME  E3 133 

FRQLIECT  B3B 

V 

TNEETTBL  NBVTGBTTON  SYSTEM 

. TNPfJT  DBTB 

FTLENBMEi  STBSB 

. DBTEDi 

16  OCT  T9 

DESCRIPTORS 

’  '  INSTRUCTIONS 

• TSDDD . 

‘ ' BPFLTCBTTON ' 

' '01000 . 

' ' RESDORCE ‘ ' 

' ' ■ 'elsoo 

'  ‘  FONCT  TONS . 

. 0 . 

' *  STRUCTURE' ' ' 

' ' OlOOO . 

'•'LEVEL . 

'  '  "OLOOO 

BFFLICBTTON  CBTEGORIES . 

'  NEW  DEVELOPMENT . 

'  SYSTEM'  CONFT6C1EBTTDM  | 

MTS 

DESIGN 

CODE 

TYPES 

QUANTITY 

'  DBTB  S^R . 

■ • olos . 

*  *  OLOO . 

' TLOQ . 

—  0 . 

. 0 

•  'online  corarr  •  • 

' • 6.00 . 

* ‘ 01 00 . 

' OLOO . 

. 

. 0 

* '  REALTIME '  C"  C  ' 

' '0:i7 . 

*  *  TLOO . 

*  TLOO . 

- 0 . 

. 0 

‘  *  INTERACTIVE  '  ' 

n  %  T)  c 

‘ ‘ T  LOO . 

' TLOO . 

13 

. 0 

‘  '  MBTBEMBTTCBL ' 

' 6.33 . 

'  ' 0-60 . 

1.00 . 

. •**« 

•  '  STRTNG  '  PjBNIF  ’ 

0.03 . 

'  ' 0-00 . 

1-00 . 

■  ■  •  *** . 

. ***■ 

' ‘ OPR ' SYSTEMS ' • • 

'  'll .33 . 

'  T.00 . 

1:00 . 

•  •  •  . 

. 

SCHEDULE 

•  ■  COMPLEXITY  '  ' 

Y.000 

' ' DESIGN ' STBBT 

MBS ’ 73 . 

' ’ TMPC ' STBRT ' ' 

0 . 

•  1ST  STBRT 

. 0  '  ■  ' 

'  '  DESTGN  ROD  '  ' 

o . 

' TMFL  END 

0 . 

' ' TLT  END 

■  • ;  DEC.  ■  75 

SUPPLEMENTAL  INFORMATION 

Itc:- 

ESCBLBTTDN 

1 «, Tj  0  ft 

' ' TECB' TMP' 

TJ  %  I.i  0 

■  ’MULTIPLIER  '** 

T.000 

PLBTPORM 

t  .  r 

UTTLTZBTTDN - 0L50 

- PROGEBM  CO 

STS 

COST ‘ ELEMENTS ' ' ' 

- DESIGN  ' 

' ' ’ ' ‘ TMFL . 

"  *T'STT - 

' '  TDTBL 

•  SYSTEMS'  ENGINEERING . 

. gp;  •  *  *  * 

*  •  *  *  *  *  P(* . 

. go  ^  •  *  •  • 

. T93L 

FROGRBMMT  MB ’ ' * 

• » *  •  •  •  . . 

cl  • 

. es: . 

. SSL - 

56- 

CONFIGURATION ' 

CONTROL . 

. SL . 

. 57 : "" 

. SOL 

DOCUMENTATION 

1 

. 3L . 

£3- 

**  • 

K K u».-» r*  n  ij  pj w rj ra ij t  a t f  J  i 

IE- 

C.  m. 

'TEL 

cc-  - 

IU  IHL 

. TEE-  '  ' 

. 96. . 

£19- 

. 5E5. 

‘ ’ ‘ BDDITTONBL ' 

DBTB 

DESCBTFTORS 

'  INSTRUCTIONS 

■  l'SOOO . 

' ' BPFLTCBTTON ' 

€ -?6T . 

'  RESOORCE ' 

■  s:soo 

'FUNCTIONS 

'  200 

a-lfcOCTOkb 

0-000 

’  LEVEL . 

0.000 

SCHEDULE 

‘ ‘ COMPLEXITY 

'  T.000 

‘ ‘ DESTGN  STBRT 

f|]R '(  i  o 

'  TMFL  STBRT  ' 

•  0 . 

’ ' 1ST ' STBRT ' 

. O' 

DESIGN  END 

o 

TMFL  END 

0 . 

' ‘ ISiT ' END 

'  DEC  75 

% 
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. ---  PRICE  S0FTW3RE  BODEL  — - 

. DBTE  T5-0CT-I2  TIBE-2315D 

PROJECT  ’  USB . . . .TOERTTBL  BB^TCBTTOO  SV3TEB 


SEHSTTT9TTT  DBTB 
. . C0BPLESTT7 


;goD . i;ooo . t;tdd 


3  • 

■  '  COST . 5135.  '  ■•.■■  ■  COST . 519.  '  1 

. 2:7DD  s . 

. !  ’BOOTHS . 31  ID 

3  • 

booths . 3i ; o  • s • '  booths . 31 :  0  ■  •  s 

R . ! . 

*  ■  ■  e . s 

i  COST . 523.  U  COST . 551.  '  '  1 

O  '2.300  i . 

'  ‘  E . i  BOOTHS . 31.13' 

i  BOOTHS  3T .  13 '  s  i  BOOTHS . 31 . 13 '  1 : 

■  ■  e . f;.....;;......:.... 

CDi  T  •  CUil  • 

. 2:?oo  •• . 

. *v  ■  booths . 31.  0 

•  • 

'  BOOTHS . 31.13  S  '  BOOTHS . 31. 13  ! 

. 8  *  '  t 

. . . . ...! . . . ; 

’SCHEDULE  EFFECT 

' S0BBBE7 

BCTTVTTY ' LEOOTB 

TO  BOOTHS 

S'— 

*  •  •  «•  * 

• 

COBFLE&TTT  =  I  .13135 

—  • 

4 

• 

‘  -  ’ DESTOO . 

TBFL . 1ST’ 

. TOTBL  ‘ ‘ ’ 1 

SPECIFIED  SCHEDULE 

U.D 

0.0  u.u 

31. D  i 

. WiEELBET' 

. X  D.OT 

'£  0.01 

...... 

' TTPTCBL  SCHEDULE 

. ?;t . 

7.3 .  II. 2  ’ 

1  C  ■.!  8 

* 

£Ov'EELBF' 

i  s  *  i 

•  •  •  t  •  •  COBFCESm  •  *  •  r;  DDU  •  •  I - DESIGO  •  •  TBFL  •  "T'S'T - 

. TOTBL 

*  *  *  I"  SPECIFIED  SCBEDOLE  ‘ ! . 152; . 55L . 219. 

. 523. - * 

•***•* TTPTCBC ' SCBEDOLE  i . 135. . 33. . ISO.  ' 

. 355.'  -  ' : 

:  r  *  * 

•••I”  ’  ESTTBBTED  PEOBLTT  '  i . 27. . 8. . 39.'  '  '  '  i . 75.'-  '  « 
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---  '  PRTCE  SOPTURRE  BQDEL  --- 
DBTE  TG-0CT-Z9  TTBE'E?.i5? 


PROJECT ' BSE 


'  BBVTGBTICB '  St  STEW  STKULBTTOB 


PTL’EBBOE !  STBSE 


'  TDPOT  PBTB 


'  DBTEDS ' IP • OCT ' Z9 


DESCRTPTGRS 


TBSTEUCTTODS 

EPu  u 

BPPLTCBTTOB 

P.PPP  ' 

. RESOURCE '  ' 

•  '  E_9rir 

•  '  PUBC-HOBS  '  • 

. P  ’ 

. STRUCTURE 

PLPPP" 

. LEVEL 

p_ppp 

BPPLTCBTTOB  CBTEGOEIES  '  '  ' 

. BEG ' DEVELGPBEBT . 

'  ' • SISTER 

COBPTGCRBTTOB 

IU  1  & 

Lit  i  I  bU 

LUL'fc. 

' ' ‘ ' TIRES ‘ 

OUBBTTTT 

PBTB  S^R 

D  •  DD 

p»pp 

‘ PLPP . 

. P’  ‘ 

. P 

OBLTBE ‘ COBB ' ' 

—  p:pp — 

. PLPP . 

• PLPP . 

. P" 

. D 

" 'KEBLTTBE' CSC 

■  *  * plpp* ■ m  ■ 

. PLPP . 

• PLPP . 

. p-  ' 

. P 

TBTERBCT  TVE 

0 . P5 '  ' 

T..PP . 

'  T..PP . 

. R'  ' 

. D 

’ ‘ BBTBEOBTTCBL 

.  .  .  ,3^,5=;  ■  •  ■  ■ 

' YLPP . 

. ' 

•  •  •  • 

c*TriTrji3  rjauTP 

fl  •  13  D 

p.  PO 

p_pp . 

. ♦♦♦ 

DPR  •i.-cSTErjS 

D  »  13 13 

p_pp 

‘PLOP . 

. •**•* ' 

SCBEDULE 

• 

'  'COBPLE'iTTI  " 

P.90P 

’ ' DESTGB  STBRT 

' ' BOV '  ZZ '  ' 

. TAPE’ STBRT  ' 

p . 

. T5LT  '  STBRT  ' 

•  •  p  ' 

'  ‘  DESTGB  EBP 

. P . 

. TflPL '  EBP 

- P . 

. TST ' EBD  ’ ’ 

' ’ PEE ' ZS 

SUPPLEBEBTRL  TBEOERETTOB 

Tfcnri 

rsf  £ 

ESCBt'BTTDB  ' 

T^PPP ' ' 

TECB  TBP • ' • 

‘ ‘  "  PLPP 

rdULTlPLlER 

1  .PPP 

PLBTPORB 

1  -  13 

. UTTLTZBTTDB 

' • ■ ’ P.3P 

. PEOGF.BB  CD 

STS 

COST ’ ELEDEBTS 

. DESTGB  ' 

. TBPL ’ 

. T  ST . 

’ TQTBL 

’ ' SISTERS ' EBGTBEERTBG . 

5 « 

1  • 

. TL  *  ’ 

. T 

. 3L 

CurjETbOEblTGiJ 

CGBTROL 

p:  ■ '  *  ■ 

'PL“ 

. T 

C  • 

DOC  DOE  ft  T  fi  T  T  0  r< 

p.. 

. PL '  ' 

. P 

. TL 

*131 

. PL" 

. P 

. PL 

tUlbL 

3* 

. Tl* ' 

S 

. TTL 

. BDDTTTDBBL 

PBTB 

DESCRIPTORS 

‘ ‘ TBSTPUCTTOBS ' 

2GPP ’ ' ' 

. BPPLTCBTTOB 

■  '  TL3ZP '  '  '  ' 

. RESOURCE ' '  ' 

'  ’2.9PP 

FOftCTTOfti. 

29 

STRUCTURE 

P.PPP 

LEVEL 

'  P.PPP 

SCBEDULE 

■  '  CDBPCE'iTT'i 

'  ' P.9PP 

‘ ' DESTGB  STBRT ' 

'  ■  • BOV ' ZZ '  ' 

. TOPE ' STBRT ' 

P . 

. TStT  '  STBRT  '  ‘ 

•  P  •  • 

' ‘ DESTGB  EBD  ' 

. P . 

. TBPL ' EBD - 

- D . 

. TILT  ‘  EBD - 

”PEE  ZS 
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. ---  FETCE  S0ETW3F.E '  MODEL  — 

. DBTE  T6-DCT-7’?  '  TTME'  E3!  36 

PB03ECT  BSE  "  . HBVTGBTTOrT  SYSTE0’  STMOLBTTON 


SEfiSTTTVTTY  DBTB 


L8DD ' 


■  COMPLEXITY 

. igpp 


T.DPD 


F. 

E 


'  2.8*50 ' 


■  COST 


MOMTB" 


m 


3.P ' 


■  COST ' 


it: 


MOMTB' 


3.P 


COST 


MGMTBS 


IT- ' 
'3.P 


S‘ 

0 

0 

E 

c 

'£' 


'  2.9DP 


COST 


MOM TBS 


II.  • 

3.11 '  ' 


i  '  COST 
i ' MOMTB' 


II.  '  i 


CDST 


mdmtb: 


II. 

3.n 


31PDP 


’  COST 


'  ROM  TBS • 


II, 


•  COST • 


II, 


COST 


I.TI 


MOMTBS 


3.D ' 


MOMTBS 


iei  '  ■ 

3.P 


SCBEDMLE • EFFECT  SMMP BEY 


BCTTYTTY ' LEMOTB 


TM  MLMTBS 


4-  _ . 

• 

COMPLEXITY  '  =  D1SDD 

. DEST5M . IMFL . TXT 

TOTBL  ' ’ : 

■■'f 'SPECIFIED  SCBEDMLE  ' 

'  ■  f . TOYEELBPi . 

. U.P . P.D . D.P . 

. 3.D  i 

1 

•‘'f'  TYPTCBL  •  SCBEDMLE  ' 

•  •  '  t . YOVEELBPY . 

• • • — --- 

. Dig . p.7 . 1. 1 . 

. I ' DIET '  '  ■  ID. El . 

. Ell - : 

COMPLEXITY  =  P.5PP 
SPECIFIED'  SCBEDMLE 


TYPTCBL  SCBEDMLE 


DEYELOFMEMT 
DESIMM 


COST' 
'  TMFL ' 
II* 


i: 


TXT 

61 
61 


TOTBL 

Ill 


Ill 


1  * 'ESTIRBIED  PEMBLT1 


'  ---  PRTCE  '  SOETUBRE  MODEL ‘  — - 
'  DBTE  T8-Q.ST-79  TTUE  23i  50 


PE03ECT ’ BSC 


FTLEOBOE  1  STBSC 


DESCRIPTORS 
•  '  TUSTRUCTTOOS '  •  73750 
’  FUBCTTOBS . 0 


BFFLTCBTTCB ‘  CBTEGDETES 


'  BTRFORBE  '  RBDBR  STSTEB 


'  TflPUT  DBTB 


DBTED:  IE  OCT  79 


BPFLTCBTTOB 
'  STRUCTURE  ' ' 


■  0.000 
' 01000 


'  BEQi*  DE VELOPBEBT '  * 


•  RESOURCE ‘ 
LEVEE - 


' ' ‘21700 
- 01000 


STSTEB' CDBETGUEBTTOB 


'  BTE . 

' DESTGB 

CODE . 

. types . 

OUBBTTTT 

■ ‘ DBTB ' S-:R 

‘  ' 0115 . 

‘ ‘ ‘ 1.00 . 

' 1100 . 

. 13 . 

. rj 

*  ‘OfiE  TOE  ‘COBB  ‘  ‘  ‘ 

- • oioo . 

' ‘ ‘0100 . 

■ oioo . 

. 0 . 

. 0 

'  ‘ RESET TEE' CSC * 

• ‘ 0115 . 

* • ■ iioo . 

• T100 . 

. 0 . 

. 0 

‘  *  TOTERBCTT  v:  E  '  ‘ 

' ‘ 0.05 . 

' * ‘ 1100 . 

■ iioo . 

. 13 . 

. 0 

BBTBEBBTTCEL  '  ‘ 

' ‘ 0.85 . 

‘ ‘ ‘ 0199 . 

‘ 0199 . 

. *** . 

. *** 

STRTBG  BBUTP ' 

o.oo . 

■ ‘ ‘ 0100 . 

• oioo . 

. Wi . 

OPR" STSTEB" ‘ ‘ ‘ 

■ • oioo . 

' * • 0100 . 

• Oioo . 

. *** . 

. 

schedule 

'  •  COBELESTIT  ■  ‘  ‘  ’ 

'  0.900 

‘ ‘ DESTGB  3TBRT 

■  BBT ‘75 - 

■ • ' TUFC ' STPRT • ■ 

‘  ‘  0 . 

. T£T*STBRT‘ 

. O'  -  - 

‘ ■ DESTGB  EBD - 

-  -  -  -  o . 

‘  "TBPLEBD - 

- 0 . 

. TST' EBD‘  •  ‘ 

• • *  BBT ‘ 79 

SUFPLEUEBTBL ‘ TBEORBBTTOB 

YEBR 

T9<5 

' ESCBLBTTOB  ‘ 

1 . 000 

. TECB" TBP‘ " 

. 0100 

‘  ‘  BULTTFLTER - 

•*11120 . 

‘  PLBTEORB - 

’  *  T 1 7  * " ' 

. UTTET2BTTDB - 0185 

. PRDGRBB ' CQ 

STS 

• 

COST ‘ EEEBEBTS ‘ ‘ ' 

. DESTGB  ‘ 

. TBPC‘ 

. TTT - 

* '  TCTBL 

‘  ‘  S7STEBS  EBC-TBEERTBG . 

. 5521 - 

. T61‘ 

. 5321 - 

. 9011 

FRUGEBBijTBG 

. 1251 - 

. 981* 

1*7. 

. 3981 

COBETGURBTTGB 

CDBTEOL . 

. 891 - 

. 301" 

. 3151 - 

. 5151 

DOCUBEBTBTTGB  ‘ 

t  5. 

. 101* 

14  i  •. 

£31  •. 

FR06EBU  BrsBBbfcBEBT 

. 791 - 

. 91 " 

e-9- 

. 1581 

TDTBL 

. 7991 ‘ ' ' ' 

. T631* 

1151  . 

• • • -gioE. 

- BDDTTTDBBL 

DBTB 

DESCRIPTORS 

•  TBSTEUCTTOBS 

73750 . 

' ' BPPLTCBTTDB 

' 2.995 ' 

'  RESOURCE  ‘ 

• ‘ ‘ ‘21700 

‘ ‘ FUBCTTOG" . 

‘ '  319 . 

' ' ' STRUCTURE 

' 0.000' ‘ ‘ 

. LEVEL . 

*  ’  "01000 

SCHEDULE 

‘  '  COBFLEHTTT  ‘ 

‘  0.900 

‘ ‘ DESTGB  STfiRT ‘ 

BBT  7?  * ' ‘ 

TBFL'STBRT 

- 0 . 

. T&T* STHET- 

. 0"  ‘ 

• ’ DESTGB  EBD - 

—  o . 

*  "TBPL  EBD - 

- 0 . 

. TS.T’  EBD‘  ’  • 

' ' ‘ BBT ' 79 
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---  '  FETCE  SOFTfcBEE  BGDEL  — 
DBTE  1E-0CT-Z?  TIBE  S3! 52 


PBODECT  BSC 


BTEFOEBE  EBDEE '  SYSTEB 


SEOSTTTVTT't  DBTB 


. COfJPLE'iTT! 

. .SDD . :9DD . 

. l'.DDD 

‘  'COST . 2DD7.  '  ' 

'  '  COST . 2DD3.  ' 

'  COST . 2D21.  '  '  t 

. 2.E.DD  ' 

"  '  BOOTBS . FD.D 

BGOTBS . ED.D  ' 

BOOTHS . 8D.D  '  '  5 

'  '  E . 

. 

—  s . 

***□ . 

•“COST . E1D5.  '  ' 

{  '  COST . 21'DE.  '  ! 

• 

•  COST . 2121.  ': 

'O'  2.7DD 
'  E . 

"  BOOTHS  '  CD. D 

!  ROriTBS . CD.D": 

• 

'  BOOTES . 5D.D' ' ! 

C  s . 

• 

'  E . 

«  ft.  hi  > 

. i  "  COST . 2221. 

'  '  'COST . 2213.  ' 

• 

■  '  COST . 22381'  '  i 

. 2.8DD  S . 

BOOTHS  8D.0 

. 

• 

"  BOOTHS'  '  8D.D  '5 

. i . 

. : 

SCBEDOC.E  EFFECT '  SOBBBET 


COBFEESm  =  D.3DD 

SPECIFIED'  CCBEDCiLE 
. TOVEEEBFT ' *  * 


TTPTCBL  SCBEDOC.E ' 
. *iDVEEC.RF?: 


’  BCTTVTTT  '  CE05TB 


'  DESIBfi 


'  DID' 


'5.7 


DID! 


5.DT 


TTi  BDOTR' 


TBF'L 


DID' ’ * 
** 'I'D 


3.3' 


V 


TTI' 


' ' ' DID 
DJ ’ '  '  ' 


13.5 


TQT6L 


;bd:d 

'  21. 1 


' ' ' DEVEEOFREBt ' COSTS 

TOTBC 

1  • 

• 

COBPEE/iTTT  *  D.3DD  ! 

' '  DESTCO ' ' ' 

'  TBFL '  ' 

T  STT 

• 

•  * 

•  •  '  1 ' 

'  SPECIFIED  SCFiEDOLE  ! 

. 7?3. ' ' ' 

183. '  ' 

1I5T. 

• 

' ' 21 DE. ' 

* 

9 

'  '  t ' 

• 

'  '  r ' 

'  '  1 

' TYPTCBL ' SCBEDOLE  : 

. 325. '  ' 

' ' 1D5 . ' 

' ' ' ZD3. ' ' 

•  •  4-  ■  • 

• 

1331. 

'  '  t 

*  *  1  * 

« 

'  J 

'  1 

'  •  '  t 

' ESTTBBTED  FEOBLTV  i 

Sc?*. 

- 53.  ' 

' ' ' 537.  ' 

'  771. 

'  '  S' 
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•  ---  PETCE  SOFTfi.EEE  BOPEL  — - 
'ECTEP  TCBLTFEBTTOrjT  OGPE 
PBTE ' I6-0CT-79 '  TTBE  IS!  95 


PROJECT  DCS 


'  ORERSTTOrjGL  ELEWjTGO  '  SISTER 


. PEOGEBB  CO 

STS 

* 

COST  ELERErJT- 

DESTGB 

TAPE 

T  E*  T 

' ' TDTBL 

1  trji  t  ib  1  Pitt!*.  1  Tib 

37.  ' 

6* 

. 90. . 

• • • ygg ; 

cKUbtriPjPj  i  lib 

’  •CDBETSrjr.BTIDri 
'  '  EOCDBEBTfiTlOrj 

El. 

. 31.  '  ' 

. 37. . 

• ■ • 

CGfi  iRGL 

1  Z. 

S.  '  ’ 

S3  m 

1  u. 

. E. '  ' 

. is; . 

Sc. 

kkuwhpj  rjwr3w^t.n:tw  i 

11* 

c* 

. io. . 

' ' ’ ‘E3. 

TUIHL 

. T5e: ' ’ ■ ■ 

. 33. 

. E05. . 

'  ’  TOE* 

PESCETPTEES 
•  '  TfJSTECiCTTQrjS 

pooc Trans 

315000'  ‘ 

. BDDTTTDBBL 

. BPPCTCBTTCfr 

PBTB 

' ' T . 5SS ' ' ' ' 

. RESOURCE - 

• -1:975 

‘ ' 3500  * ' 

. STRUCTURE '  ' 

' ' 01 000 . 

. LEVEL . 

■ • 01000 

SCHEDULE 

‘  ‘  CGBFLESTTI 
'  EESierj  TIBET  • 
DESTGfi’  EBP - 

*  *nooo 

’•  BEETS' 
- D - 

. TBPL'STBET'  * 

. TREE*  EBP - 

”  *  *0 . 

. 1ST*  STBRT' ' ’ 

. TST’EBD . 

—  o*  ■  ■ 

*  BBE  ‘  Sc 

- '  PETCE  SCPTLIBEE  BOPEL 
ECTEP '  TCBLTEEBTIOril  BGPE 


EBTE '  15-GCT-79  '  TTBE '  -ZOSSS 


PR03ECT  ECE . 

. EH6TBEEETBG '  BBBBGEBEBT 

SISTER 

. PROSE BR  CD 

STS 

COST • ELEMENTS ' ' 

. DESTGB 

. TBPL 

. T*S'T . 

*TOTBL 

SISTERS  ERbiriEERiriG 

15. 

. IT 

. 191 . 

31  * 

PKOGEBBBTUG 

3* 

. 51  ’ 

S«. 

"""191 

COBE  TGORBT  T  DR 

CDBTEOL 

. E.'''' 

\  » 

7. 

■ ' *10. 

'  '  DOCOBEBTBTTGB 

. 1. - 

. 0. 

. E. . 

"9* 

PKQbEttR  UbBBbtUEBT 

1  • 

. 11 . 

'  '3* 

TOTBL 

. 29. ' '  '  ' 

3* 

30* 

3c  » 

. BiJDTTTDUBL 

PBTB 

DESCRIPTORS 

'  ‘  TBSTEUCTTOBS 

55000' ’ ' 

. HPFLTCBTTOB 

1.5SS  ' • 

. RESOrjRCE . 

*11237 

•  EOBCTTOBS 

- 733 - 

. STRUCTURE  ' ' 

"  ■  01000' ■ - 

. LEVEL . 

*01000 

SCHEDULE 

•  CODPLESTTT - 

•  -iiooo 

DESTGB  iTBRT 

■*J fifi  75 

TBPL  STBRT 

***'!) . 

T5IT'  STBRT 

*  *0*  *  * 

*  *  DESTGB  EBP - 

. o . 

. TBPL* EBP'  '  '  ’ 

0 

TStT  EBP 

PEC  75 

---  '  FETCE  '  SOFTOBRE  BOPEL ' 

'  '  ECTRF  '  TCHLTE EBTIOBT  BODE 
DBTE  T2-0CT-33  '  TTBE '  EE!  29 


PROJECT ' BLB  . 

’  RODTFTCBTTOB  BBBBGEBEBT 

3V  STEP) 

EEOGRBB  COiTi 

'  TBPL '  ' 

■ 

10TBL 

COST '  ELEPjEOTG . 

T  S  T  ‘ 

■  SYSTEMS  '  EBGTBEEETOG . 

. 3. 

P. 

z» 

‘  '  EEOGRBBB7BG . 

. E. . 

‘  '3.  '  ' 

3» 

w  • 

‘  COBFTGOEriTTDO  COBTRCL ' 

. T. 

‘  '  1.  ‘  ’ 

. 3. . 

■  s: 

•  pocrjBEBTBTTOO . 

'  '  P. ' '  ' 

. 1. . 

x  z» 

'  •  ERCGFBB  BBBBGEBEBT . 

. 1. 

•p;  •  ■ 

I. . 

'  i; 

. TOTAL 

. 13. . 

'  ' '9.' ' ' 

. 15. . 

’  '  '31. 

BDDITTDOraL  PBTB 

DESCRIPTORS 

•  ' TBSTKOCTTGfi? ‘  '  '  E79PP . BFBCTCBTTOfi  1. 533 . RESOORCE . 1.352 

'  POfiCTIDrjS .  31'P . STROCTOFE  P.PPP  . LEVEL . P3PPP 


SCBEDOLE 
'  ‘  CQBFLE'iTTV 
‘  •  PESTGB  31  BET 

l.PPP 

' ' BBV  33 - 

'  '  ' TBPL ' 3TERT  ' 

P . 

. 1ST  STBET ' 

.  .  .  p.  .  . 

DESTGB  EBP 

P . 

'  '  '  '  IBEL  EBP 

P . 

. 1ST  EBP 

'  jBB  3? 

. ' PRICE  SOPTWBRE  BDPEL '  — 

. ECTEF ' TCBLTFEBTTOBl  BODE 

. DBTE  19-0CT-78  TTBE  £3:29 

PROJECT  BLF- 

BBTERTBL  FEFORTTBG  SVSTEB 

. PROGEBB  CO 

3T3 

C03T  ELEBEBT3  ' 

. DESTGB  ' 

' TBPL ' ' ' 

. TTT - • 

'  TOTBL 

Itrjw  cl  jo  1  ULtr.  1  Ml? 

31 ; 

.  y  ;  ■  ■  ■ 

E3. 

. 58. 

cisuorniju  l  ij»? 

IT.  ' 

' '3. ' ' ' 

. si : 

•  cobptgof.bttcb 

COBTROL '  ' 

. 3. - 

e:  — 

. T9. . 

. is. 

DUCUrjcriTnTTGtj 

'  E. 

D* 

. 9. . 

. 6. 

ckuoidij  urjunocrjcij  i 

9.  ' 

1  * 

2. 

. 3. 

IUIHL 

5P. 

19. - 

. 58. . 

'  TEE. 

. BPPITTOBBL 

PBTB 

, 

DESCETFT0R3 

‘ ' TB3TR0CTT0B3  ' 

7DT9P . 

' ' BPFLTCBTTOB ' 

1. 

CCI? . 

"  '  RESOURCE '  '  ' 

' ' 1:533 

' ' POBCTTOB3 

' 333  ' ' ' ' 

’ ' STROCTOEE 

P. 

DPP'  - 

' ‘ 'LEVEL . 

' ' 'p;ppp 

SCBEDOLE 

'  COBFLE'iTTT 

' ‘p;ppp 

'  DESTGB  STBET  ' 

'  ’ BCV ' 35 ‘ ‘ - 

- TBPL  *  3TPRT  *  * 

"  •  *  * 

D . 

- TSTSTBRT' 

—  p-  -  • 

DESIGrj  EriD 

P 

' ‘ TBPL' EBP  •' 

P . 

- TLT'EBD - 

BOG '  33 
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•  PRTCE  3 OPTUBKE  BODEL  — 


’  ECTRP  '  YCBL'TFKfiTTOBT  BODE 
DBTE  l'P.-DCT-r?  TTBE  13:24 


PROJECT ' BOB . 

UBRTTBE ' STBULBTTOB 

BODEL 

. PROGRBB  COSTS 

COSTELEBEBTS . 

DESIoii 

TBPC ' 

. T.  £ '  T . 

TOTBL 

SYc>TEBi-  EraGlBEERlBU 

TO. 

'  t; 

. 8. . 

19. 

* 

FKUUKBBB  I  rj& 

. 2. . 

'  '3.  ' 

. 

CCjrjF:  1  bL'hH  l  1  Cifj  L  OfJ  i  fcLlL 

T. 

T.  ' 

. 9. . 

to* 

' ‘ PQCOBEBTBTTOB 

. T. . 

D.‘ 

. T. . 

•  •  ■  2: 

. 

FKOURBB  BBBB^cBEBI 

1  • 

'  '  0. 

T. 

. TOTBL 

. 15. 

'  '5.  ' 

. 17. . 

HDOr  i  lurjbt  DB  Itt 

DESCRIPTORS 

’ ' TflSTRUCTTGBS ' ' ' 30000 ' 

. BPPETCBTTOB  T. 

Cj  f-  o  • 

. RESOURCE . 

•i;?54 

'  ‘  FOBCTTOBS . 333 '  ' 

. STRUCTURE  0. 

ODD  ' 

. LEVEL . 

0.000 

SCHEDULE 

‘  '  COBPLEJiTTT  . T.000 

. TOPE 'STBRT 

0 . 

' *  DESTGB  STBRT  OCT '77 

. T£T '  STBRT 

TV 

' ' DESTGB  EBP  0 

. TBPL  EBP  . 

D . 

. T&T  EBP 

BUG ' 73 

-- —  FKTCE  SOFTUBEE  BODES  --- 

ECTRP  CCBL 1 ERBT TOBi 

BODE 

PBTE  TS-OCT-rg  TTBE 

T9: 23 

PR03ECT  BOB . 

BBTBTEBFoCE  STBULBTTOB 

STSTEO 

COST '  ELEBEBTS . 

. PROGRBB ' COSTS 

' DESTGB . 

'  TBPC 

. T'S'T . 

' TOTBL 

SYi- 1  hH  i-  EUir  I  ratfch!  I riG 

'  2; . 

0. 

. 2. . 

'  '4. 

PROGEBBBTBG 

1  » 

1  ft 

. t: . 

c. » 

CurJFTGOFQTTDfj  uOrjTRCL 

D. 

'  '*TK  ‘ 

1  « 

""T. 

•  DOCOBEUTBTTGU 

. D. . 

•  D. 

. o. . 

OS 

‘  ’  EEOGEBB '  BBBRGEBEBT  ' 

. o. . 

0.  ' 

. 0. . 

‘  '  OS 

TOTBL 

3* 

"  'T. ' 

. 4: . 

‘ ' '8. 

DESCRIPTOR” 

’  TOSTEOCTTCBS  ‘  23DD 
•  POBCTTOBS  32 


BPPTTTDBBL  PBTB 


BPPLTCBTTOB 
STRUCTURE  * 


1 . 533 
P.1300 


RESOURCE 
■  LEVEL  ’  • 


■  y  *  T^jrj 

0:060 


SCHEDULE 

■  COBPLEriTT'i  T.000 

■  '  BESIGB  STBRT  FEE  33 

‘  '  DESTGB  EtiD  . 0 - 


'  TBPL  '  STBRT  . O' 

'  TBPL  EBP . D 


TSIT' STBRT 
T£T' EBP 


'  ’  D  *  * 
30L  73 
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---  '  PRTCE '  SOFT&iBFE  '  HD  DEC 


pste  ie-ocT-?g  ■  ttee  eu  in 


FROHECT  PCB 


COST  ■  ELEREDTS . 

‘  '  SISTERS  EriSTBEERTFiG . 

•  •  FROGRBBGTBB . 

'  '  COBFT&OEBTTOrj  CDBTRDL  ' 

•  TacrjrjEriTSiTDrj  . 

•  •  FEDGF.BB  GBBBBEREBT . 

. TOTBL . 


PESCRTFTQF!S  4 

•  •  TBSTROCTIOBS  '  315000  ' 

'  -FOOCTTOfiS . 3500 

SCFJEDrjCE 

'  CDBFLESTT!  1:000 

PESTG'J  STEET - FEE  23'  * 

PESTER  EDO . 0 . 


. OFERBTTODEL  FLBDBTBG  SISTER 

• ' FRDGERG  COSTS 

'  ‘  PESTER  TEEL . 1S  T . TOTBL 

. 33. . 61 . 9E. . 1971 

. EY. . 32. . 38. . 31. 

. 15. . 8. . 54. . 77. 

. to: . g; . is. . es. 

. it. . s. .  •  -  to; . 24. 

■  •  •  ’  155. . 50. . 210. . 415. 

BPPTTTDBBL  DBTB 

BPPLTCHTTnrj  ‘  '1.583 . RESOURCE . i:500 

STROCTDFE  - 01000 . LEVEL . 0:000 


*  TFJPL ‘  STBET . 0 . TST" STBET . O'  *  ' 

*  THPL ’  EOD . 0 . T&r  EHD . EBP '  52 


SERSTTTV  ITT  DBTB 


CDBFLESTT! 


1300 . 11000 . 1.100 


. 

•  «- 

•  •-  • 

• 

•  *•  ’ 

• 

• CDST ■ ' ' 

’ '375.' ’ !' 

‘ ‘ CDST 

• 

-  s-  ■ 

I.-DST 

'375.' 

• 

375. 

• 

11400 

• 

’  43.0 

m 

BOBTBS  ■ 

43.0  ’ i 

BOB TBS ' 

'  '  '  43.0 

• 

■  i  ■ 

BDDTBS  ' 

• 

• 

'''S' 

• 

■ 

• 

• 

t 

*  • 

•  • 

s 

• 

■  -418.' 

t  • 

'  ‘  ’  ’417.' 

o 

■  *  ■ 

COST 

*  * 

' CDST ' ' 

4151  s : ' 

'  COST 

• 

■  ■  a 
•  •  R 

1.500 

• 

•  4  ■ 

m 

mvjtbs  •  • 

' '43. O’ 

•  m 

■  4  4 

BOB TPS 

43.0 ' !i ' 

’ BDRTBS ' 

- 43.0- 

• 

•  • 

c 

•  •  E' 

t 

'  i 

•  • 

*  >  • 

-  - 

• 

•  * 

■ 

• 

'  I ' 

*  ‘COST 

451 . 

• 

’ CDST ' ' 

'  455.  '  '  S'  ‘ 

'  COST 

4<s0. 

1  •8t)0 

• 

• 

BOR TBS ' ' 

• 

' '43.0' ' 5 ' 

’ BOBTBS 

- 45.0 

' : 

•  1  ‘ 

raarjTBi 

'  43.0 

* 

• 

FETCH '  SDFT&BFE  RQDEL 


DBTET5-GCT-79  TIRE  ED!  53 


FRO'JECT  DCB 

. EfJGTREEFTBG  RBBBGEREBT ' 

SISTER 

' ‘ ' PRDGBBD  CD 

7T3 

COST ‘ ELEREBTS 

' ' ‘  DESTGD  ■  • 

. TRFL  ' • 

. T  ‘  S  '  T . 

• TDTBL 

•  •  SISTERS  EBGTBEEETBG  . 

. edi - 

. TI* *  * 

. 17 1 . 

- 381 

FEUGhBBRTuG 

3.  *  ' 

C  b 

‘ ‘ ’171 

•  ‘  CGRETCRE 5TTDD 

COBTFDL . 

. 2: — 

. t:  * 

. 91 . 

*  * 'IE. 

' TOCORERTBTTDR 

. e: - 

. D1 "  '  * 

C-  b 

3. 

FEDGr.BB  RSBBGEBEBT 

2  » 

2. 

4  • 

TOTBL 

. 3D. '  ’ '  ' 

. ‘ 

37 i . 

•  •  '  BDDTTTORBL ' 

DBTB 

K 

PESCFTFTGES 

•  TBSTEOCTTGBS ’ 

sennn . 

'  BPPLTCBTTQR ' 

SP.Pi . 

' ' ’ ' EESOOECE ' 

T.5DD 

•  '  F0BCTT0B2 

' ' ' 733 . 

' ‘ STRDCTORE 

'  D.DDD 

’  LEVEL . 

D.DDD 

SCHEDULE 

•  '  CDDFLErsTTY 

'  l'.DDD 

• ' PESTER ' STBFT ' 

' • jBR  75 . 

' ' TRFL ' STBET ' ' 

■  '  ■  D . 

' ‘ TST ' STBET ' ' ' 

•  D'  - 

DESTGB  EBD 

’  J) . 

' ' TRFL ' EBD 

D . 

'  ‘  ‘  TST  EDI* . 

DEC  78 

‘ ‘ SEBSTTTVTTT 

DBTB 

. CORFLE'iTTT 

. 19DD . T.DDD . T11DD 

'  COST . 591 

'  •  COST . 59.'  '  ! 

1.5DD  ! 

'  RDBTftS . 23.  r  ’ 

• 

'  RODTDS . 231 D  '  '  ! 

’  R . 1 . 

• 

■  e  ;  "  " ! ................... 

•  ■  0 . t '  COST . 75. 

•  COST .  75.! 

• 

C  D  w  T  l  tp ».  • 

0  ■ ■ 1 . 5DD  ‘  t . 

’  R . i  RDBTBS . E3.D 

•  • 

1 ' RGBTBS :••••  E3.D  i 

. t 

•  '  RDDTBG . 23 .  D '  '  ! 

. 1 

• 

• 

. ! - COST . S3." ' 

'  COST . 821- 

’  "COST . 5E 1 '  ‘  ! 

1 iSOC  • 

ROBTfeS . 23.  D' 

'  RQDTHS . E31D '  '  ! 

■  ■  ■  ■  ! . 

I...... .......  ............. 

t 
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---  •  FETCE  '  SOFTCifiEE  ROD  EL' 


'  dbte  le-oci-rg  ttre  '  stjdt 


FE03ECT ' DCF 


'  EribTfiEEETrjG  •RBOBCEfaERT  S'cCTEB 


'  SCHEDULE  EFFECT '  "ORfaBSt 


BCTTVTTt  LEfliOTB  Tfj  BOOTHS 


. PRICE "SOFT&BEE  MODEL  — 

. D0TE  T5-0CT-79  ' TIME  Eli 15 

PROJECT  BCIB . BODTEICBTTOrj  MBfiBBEMEMT  '  SYSTEM 

. PROGRBB  COSTS 


COST ‘ ELEMENTS . 

•  '  SYSTEMS  EriCIfjEEETrjl?  * 

•  •  PROGRSMMTOG . 

•  'COftPTGIjRBTTOM  COBTEOL 

••DOCOPJErjTBTIOfi . 

‘  '  PR05RBM  MBOBtfEMEBT  ‘ 
. T0T6L . 


DESTGO . TMPC . TTI' 

*  ’  *td: . t: . "si" 

‘ "  ‘  EI . 31 . 31" 

T1 . . . T1 . 31" 

■■■  T1 . 01 . T.  " 

'  ’  '  T 1 . U. . T.  " 

■  '15. . 4. . it:  • 


' ' TOTBL 
" "  "  "  IS. 


. BDDTTTDBBL  TBTB 

DESCRIPTORS 

'  ‘  TBSTROCTTOOS  '  '  279DD . BFPLTCBTTOB  '  T15SS 

’  '  EOfjCTir  . STD" . STROCTGRE . D10DD 


'  ‘  "  RESOURCE . T15DD 

"  "  "  LEVEL . D1DD0 


SCHEDULE 

'  "  COMPLEXITY . T1DDD 

‘  "  DESTGfj  STBRT - MBT '  73" 

DEST6U  EMD . D - 


TMFL" STBRT . D . 

TMPC"  EfiD . D . 


TSIT"  STBRT . D"  "  * 

TSIT"  EUD . OBB"  79 


SEOSITTVTTT  DBTB 
. COFJPLESTr 


1900 . T1DDD . 11  TDD 


• 

. 1 '  '  '  COST . 331 '  ’ 

COST  33. 

COST  33.  i 

. T19DD  '  i . 

•  MOUTHS . 3.D  ■ 

'  '  BOOTHS . S.D  '  '  i 

"  '  R  '» . 

. 1 

■  "E . *:i::i::i::i::.i:n: 

s  * . 

COST . 35.  '  ‘  t 

0 . t  ■  •  COST . 351 

i '  COST . 35.'  i 

U  1 • 

"  R . i  "ftOBTBS . SID 

«  • 

t  •  GOftTflS . 8-U' s 

•  booths . siD" "  s 

"  C  ‘  '  ! . . 

. ! 

"  * "  E . *1111111111111111111 
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